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TTTLE OF THE INVENTION 
CGRP RECEPTOR ANTAGONISTS 

ABSTRACT OF THE INVENTION 

Conq>ounds of Formula L 




I 



and Fonnula 11: 




(where variables Rl. R2 r3. r4 a, B, D, G, J. Q, T. W. X and Y are as defined herein) useful as 
antagonists of CGRP receptors and useful in the treatmattt or prevMition of diseases in which the CGRP 
involved, pharmaceutical compositions conpising these conqjounds, use of these compounds and 
compositions toprevent or treat diseases involving CGRP. 
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TIM OF IHE INVENTION 
CGRP RECEPTOR ANTAGONISTS 

BACKGROUND OF THE INVENTION 

CGRP (Calcitonin Gene-Related Peptide) is a naturally occurring 37-amino acid peptide 
that is generated by tissue-specific alternate processing of calcitonin messenger RNA and is widely 
distributed in the central and peripheral nervous systena. CGRP is localized predominantly in sensory 
afferent and central neurons and mediates several biological actions, including vasodilation. CGRP is 
expressed in alpha- and beta-forms that vary by one and three amino acids in the rat and human, 
respectively. CGRP-alpha and CGRP-beta display simUar biological properties. When released from the 
cell, CGRP mitiates its biological responses by binding to specific ceil surface receptors that are 
piedominanfly coupled to the activation of adenylyl cyclase. CGRP receptors have been identified and 
pharmacologically evaluated in several tissues and cells, including tiiose of brain, cardiovascular, 
endothelial, and snoootfa muscle origin. 

Based on pharmacological properties, these receptors are divided into at least two 
subtypes, denoted CGRPj and CGRPj. Human D-CGRP-Cg-S?). a fragment of CGRP that lacks seven N- 
terminal ammo acid residues, is a selective antagonist of CGRPi, whereas flie linear analogue of CGRP, 
diacetoamido mefliyl cysteine CGRP ([Cys(ACM)2,7]CGRP). is a selective agonist of CGRP2. CGRP is 
a potent vasodilator tiiat has been implicated in tfie pathology of cerebrovascular disorders such as 
migraine and cluster headache. In clinical studies, elevated levels of CGRP m tiie jugular vein were 
found to occur during migraine attacks (Goadsby et al,, Ann. Neurol., 1990, 28, 183-187). CGRP 
activates recq)tors on the smoofli muscle of intracranial vessels, leading to mcreased vasodilation, which 
is fliought to be the major source of headache pain duribttg migraine attacks (Lance, Headache 
Pafliogenesis: Monoamines, Neuropeptides, Purines and Nitric Oxide, Lippincott-Raven Publishers, 
1997, 3-9). The middle menmgeal artery, the principle artery m the dura mater, is innesrvated by sensory 
fibers from die trigeminal ganglion which contain several neuropeptides, includmg CGRP. Trigeminal 
ganglion stimulation in the cat resulted in increased levels of CGRP, and in humans, activation of the 
trigeminal system caused facial flushing and increased levels of CGRP in tfie external jugular vem 
(Goadsby et al., Ann. Neurol, 1988, 23, 193-196). Electrical stimulation of the dura mater m rats 
mcreased the diameter of the middle meningeal artery, an effect tiiat was blocked by prior administration 
of CGRP(8-37), a peptide CGRP antagonist (Williamson et al., Cephalalgia, 1997, 17, 525-531). 
Trigeminal ganglion stimulation increased facial blood flow in the rat, which was inhibited by CGRP(8- 
37) (Escott et al.. Brain Res. 1995, 669, 93-99). Electrical stimulation of die trigeminal gangUon in 
marmoset produced an increase in facial blood flow fliat could be blocked by die non-peptide CGRP 
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antagonist BIBN4096BS (Doods et al., Br. J. Pharmacol., 2000, 129, 420-423). Thus the vascular effects 
of CGRP may be attenuated, prevented or reversed by a CGRP antagonist 

CGRP-mediated vasodilation of rat middle meningeal artery was shown to sensitize 
neurons of the trigeminal nucleus caudalis (Williamson et al.. The CGRP Family: Calcitonin Gene- 
Related Peptide (CGRP), Amylin, and Adienomedullin, Landes Bioscience, 2000, 245-247). Similarly, 
distention of dural blood vessels during migraine headache may sensitize trigeminal neurons. Some of 
the associated synq)toms of migraine, incMding extra-cranial pain and facial allodynia, may be the result 
of sensitized trigeminal neurons (Burstein et al., Ann. Neurol. 2000, 47, 614-624). A CGRP antagonist 
may be beneficial in attenuating, preventing or reversing the effects of neuronal sensitization. 

The ability of the compounds of the present invention to act as CGRP antagonists makes 
them useful pharmacological agents for disorders that involve CGRP in humans and animals, but 
particularly in humans. Such disorders include migraine and cluster headache (Doods, Curr Opin Inves 
Drugs, 2001, 2 (9), 1261-1268; Edvinsson et al.. Cephalalgia, 1994, 14. 320-327); chronic tension type 
headache (Ashina et al., Neurology, 2000, 14, 1335-1340); pain (Yu et al., Eur. J. Phaim., 1998, 347, 
275-282); chronic pain (Hulsebosch et al.. Pain, 2000, 86, 163-175); neurogenic inflammation and 
inflammatoiy pain (Holzer, NeuroscL, 1988, 24, 739-768; Delay-Goyet et al.. Acta Physiol. Scanda. 
1992, 146, 537-538; Sahnon et al.. Nature Neurosd., 2001, 4(4), 357-358); eye pain (May et al. 
Cephalalgia, 2002, 22. 195-196), tooth pain (Awawdeh et al., IhL Endociin. J., 2002, 35, 30-36). non- 
insulin dependent diabetes mellitus (MoUna et al.. Diabetes, 1990, 39, 260-265); vascular disorders; 
inflammation (Zhang et al.. Pain, 2001, 89, 265), arthritis, asthma (Foster et aL, Ann. NY Acad. Sci., 
1992. 657, 397-404; Schini et al.. Am. J. PhysioL, 1994, 267, H2483-H2490; Zheng et al., J. Virol., 1903, 
67, 5786-5791); shock, sepsis (Beer et al., Crit Care Med., 2002, 30 (8), 1794-1798); opiate withdrawal 
syndrome (Sahnon et al.. Nature Neurosci., 2001, 4(4), 357-358) morphine tolerance (Menard et al., J. 
Neurosci., 1996, 16 (7), 2342-2351); hot flashes in men and women (Chen et al.. Lancet, 1993, 342. 49; 
Spetz et al., J. Urology, 2001, 166, 1720-1723); allergic dermatitis (WaUengren, Contact Dermatitis, 
2000, 43 (3), 137-143); encq>halitis, teain trauma, ischaemia, strote, epilepsy, and neurodegenerative 
diseases (Rohrenbeck et al.. NeuroWoL of Disease 1999, 6, 15-34); skin diseases (Geppetti and Holzer, 
Eds., Neurogenic Mlammation, 1996, CRC Press. Boca Raton. FL), neurogenic cutaneous redness, skin 
rosaceousness and erythema. Of particular inqwrtance is the acute or prt^hylactic treatment of headache, 
including migraine and cluster headache. 

The present invention relates to conqraunds that are usefiil as ligands for CGRP 
receptors, in particular antagonists for CGRP receptors, processes for then: preparation, their use in 
flierapy, pharmaceutical compositions comprising than and methods of therapy using them. 
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SUMMARY OF THE INVENTION 



Tbt present inventiQD is directed to conipoands of Formula I: 



R^V 



R2 

R2 



I V-W-X-N 




J' T 
I I 

G^NH 

T 

o 



andFomiulan: 



10 



15 



Rl 

B \ /"K ' ' 

I X-W-X-N >— G^NH 

R2 



n 



(where variables Rl, R2, r3, r4, a, B, D, G, J, Q, T, W, X and Y are as defined herein) useful as 
antagonists of CXjRP receptors and useSal in the treatment cff prevention of diseases in which the CGRP is 
involved, such as headache, migraine and cluster headache. The invention is also directed to 
pharmaceutical compositions con^sing these conq}ounds and the use of these compounds and 
coiiq>ositions in the prevention or treatment of such diseases in which CGRP is involved. 

DETAILED DESCRIPnON OF THE INVENTION 



The present invention is directed to CGRP antagonists which include compounds of 



Formula I: 



20 



-3- 
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R^V \ n-\ i T 

NH 



R2 O 



andFoimulan: 



R^ 



R2 

n 



wherdn: 

A is a bond. C(R2)2» O, S(0)m or NR2; 

Bis(0(R2)2)n; 

DisO; 



1 

R is selected from: 



1) H, Ci-Cg alkyl. C2-C6 alkenyl, C2-C6 alkynyl, €3^ cycloalkyi, and heterocycle. 

unsubstituted or substituted wifli one or more substituents independently selected fiom: 



a) Ci^ aDqrl, 

b) C3^ cycloalkyi. 
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c) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are iadependently selected from R^, 

d) heteroaiyl. unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 

e) heterocycle, unsubstituted or substituted with 1-5 substituaits 
where the substituents are indepeadently selected from R* 

*) (F)pCi.3 alkyl, 

g) halogen, 

h) 0R4. 

i) 0(CH2)sOR4 
j) C02R4. 

k) (CX))Nr10r11. 

1) O(CX))NR10r11. 

m) N(R4)(C0)NR1<>r11. 

n) N(R10)(co)R11. 

o) N(R10)(COX)R11. 

p> S02NR10R*1. 

q) N(R10)S02R11. 

r) S(0)n^lO 

s) CN, 

t) NRIOrH, 

«) N(R%C0)NR4Rll.and, 
V) 0(C0)R4; 

2) aryl or heteroaryl, unsubstituted or substituted with one or more 
substituents independendy selected from: 

a) Ci^ alkyl, 

b) C3-6 cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from r4, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from r4 
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e) heterocycle, imsubstituted or substituted with 1 -5 substituraits 
where the substituents are independently selected from R"*, 



i) 


(F)pCi.3 alkyl. 


g) 


halogen, 


h) 


0R4. 


i) 


0(CH2)sOR4 


j) 


CO2R4. 


k) 


(CO)NR10r11. 


1) 


OCCO)NR10r11. 


m) 


N(R4)(CO)NR10r11. 


n) 


N(R10)(CO)r11. 


0) 


N(R10)(cox>R11. 


P) 


SO2NR10R11. 


q) 


N(R10)sO2R11. 


r) 


S(0)njRlO. 


s) 


CN, 


t) 


nriorH, 


u) 


N(RlO)(co)NR4Rll,and 


V) 


0(C0)R4; 



independently selected from: 

1) H. Co-Ce alkyl, C2-C6 alkenyl, Ca-Ce alkynyl, C3-6 cycloalkyl and heterocycle, 

unsubstitutBd or substituted with one or more substituents independenUy selected from: 

a) Ci^ allqrl, 

b) Cs^ cycloalkyl, 

c) aiyl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from r4, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected frxim r4, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are mdependaifly selected from r4 

f) (F)pCi.3 alkyl. 
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g) 


halogen. 




h) 


0r4, 




i) 


0(CH2)sOR4 




j) 


C02R'^. 


5 


k) 


(CO)NR10r11. 




1) 


O(CO)NR10r11. 




m) 


N(R4xcO)NR10r11. 




n) 


N(R10)(CO)R11. 




o) 


N(R10)(CO)OR11. 


10 


P) 


SO2NR10r11. 




q) 


N(R10) SO2RII. 




r) 


S(0)niRlO. 




s) 


CN, 




t) 


nrIOrH, 


15 


u) 


N(R10)(cO)NR4r11, and. 




V) 


0(C0)R4; and 



2) aiyl or heteroaxyl, unsubstitated or substituted with one or more substituents 
independently selected from: 
20 a) Ci^alkyl. 

b) C3-6 cycloalkyl, 

c) aiyl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from R"^, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
25 wheie the substituents are independently selected from R^, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R*, 

f) (F)pCi.3alkyl, 

g) halogen, 
30 h) 0R4. 

i) 0(CH2)sOR4 
j) CO2R4. 

k) (CO)NRIOrII. 
1) 0(CO)NRiORll, 
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m) 


N(R4)(CO)NR10r11. 


n) 


N(R10)(CO)R11. 


0) 


N(r10)(CO)OR11. 


P) 




q) 


N(R10) SO2RII. 


r) 


S(0)mRlO, 


s) 


CN, 


t) 


NRIOrII, 


u) 


N(RlO)(CO)NR4Rll,and 


V) 


0(C0)R4; 



10 

or, any two independent R* on the same carbon or on adjacent carbons may be joined together to fonn a 
ling selected fix>mcycIobutyl, cyclopentenyl, cyclopentyl, cyclohexenyl. cyclohexyl. phenyl, naphthyl, 
thienyl, thiazolyl, tbiazolinyl, oxazolyl, oxazolinyl, imidazolyl. imidazolinyl, imidazoUdinyl, pyiidyl, 
15 pyrimidyl, pyraanyl. pynolyl. pyirolinyl, morpholinyl, thiomoipholine. thiomoipholine SK)xide, 
thiomoipholine S-dioxide, azetidinyl, pynolidinyl. pipeiidinyl, tetrahydrofuranyl, tetrahydropyranyl, 
tetiahydropyridyl, furanyl. dihydrofaranyl. dihydropyranyl and piperazinyl. where said ring is 
unsubstituted or substituted witti 1-5 substituents mdependaitly selected from: 

20 (a) -Ci^alkyl, which is unsubstituted or substituted with 1-3 substituents 

indqiendenfly selected from: 

(i) halo, 

(ii) hydroxy, 

(iii) -O-Ci^alkyl, 
25 (iv) -Cs^cloalkyl, 

(V) -CORlO 

(vi) -CO2RIO. 

(vii) -NRIQrH, 

(viii) -SO2RIO, 

30 (ix) . -CONRlORll, and 

(X) -(NRlO)C02Rll, 

(b) -SO2NRIQRII 

(c) halo, 

(d) -SO2RIO, 

- 8 - 
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(e) 


hydroxy. 


(f) 


-O-Ci-Salkyl, which is unsubstituted or substituted with 1-5 halo, 


(g) 


-CN, 


(h) 


-CORlO, 


(i) 


-NRlORll, 


0) 


-CONRlpRll, 


(k) 


-CO2RIO, 


0) 


-(NRlO)C02Rll, 


(m) 


-O(CX))NR10r11, 


(n) 


-(NR4)(C0)NR1Qr11, and 


(o) 


0x0; 



rIO and r11 are independently selected from: H, Ci^ alkyl, (F)pCi.6 alkyl, C3-6 cycloalkyl, aryl, 
heteroaryl, and benzyl, unsubstituted or substituted with halogen, hydroxy or Ci-Cg alkoxy, where RlO 
and R1 1 may be joined together to form a ring selected from: azetidinyl, pyrrolidinyl, piperidinyl, 
piperazmyl, or moipholinyl, which is unsubstituted or substituted with 1-5 substituents where the 
substituents are independratly selected from R^ ; 

r4 is independently selected from: H, Ci-6 allqrl, (F)pCi-6 alkyl, €3^ cycloalkyl. aryl, heteroaryl and 
benzyl, imsubstituted or substituted with halogen, hydroxy cm* Ci-Cg alkoxy; 

Wis 0,NR4orC(R4)2; 
XisCorS; 

Y is O, (R4)2, NCN, NSO2CH3 or NCONH2. or Y is O2 when X is S; 
r5 is independently selected from H and: 

1) C1-C6 alkyl, C2-C6 alkenyl. C2-C6 alkynyl, C3-6 cycloaUq^l and heteiocycle, 

imsubstituted or substituted with one or more substituents independently selected from: 

a) C1.6 alkyl, 

b) C3^ cycloalkyl. 
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c) aryl, unsfubstituted or substituted with 1-5 substituents where 
die substituents are independendy selected fromR^, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from r4, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 

f) (F)pCi-3 alkyl, 

g) halogen, 

h) 0r4 

i) 0(CH2)sOR4 
. j) C02R4. 

k) (CX))NR10r11. 

1) 0(C0)NR1Pr11. 

m) N(R4xCO)NR10r11. 

n) N(R10xCO)R11. 

o) N(R10)(CO)OR". 

p) SO2NR10r11. 

q) N(r10)SO2R11. 

r) S(O)mRl0, 

s) CN, 

t) nriorII, 

") N(R10)(CX))NR4r11 

> and, 

V) 0(C0)R4; 

2) aryl or heteroaryl, unsubstituted or substituted with one or more substituents 
independently selected from: 

a) Ci^ alkyl, 

b) Cs^ cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected ftom r4 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independendy selected from R^, 
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(F)pCi.3 aUcyl, 


g) 


halogen, 


h) 


0R4. 


i) 


0(CH2)sC)R4 


j) 


C02R'^. 


k) 


(CX))NR10r11. 


1) 


O(CO)NR10r11. 


m) 


N(R4)(CO)NR10r11. 


n) 


N(R10)(CO)R11. 


o) 


N(R10)(CO)OR11. 


P) 


S02NR1^11. 


q) 


N(R10)S02R11. 


r) 


S(0)njRlO 


s) 


CN, 


t) 


nrIOrH, 


u) 


N(RlO)(CO)NR4Rll,and 


V) 


0(C0)R4; 



3) Ci-6alkyl, 

4) C3^ cydoalkyl, 

5) het^ocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from r4, 

6) (F)pCi.3 alkyl. 

7) halogen, 

8) 0R4. 

9) 0(CH2)sOR4 

10) C02R'^- 

11) (CO)NR10r11. 

12) O(CO)NR10r11 

13) N(r4)(CO)NR10r11. 

14) N(R10)(CO)r11. 

15) N(R10)(CO)OR11. 

16) SO2NR10r11. 

17) N(R10)S02R11. 
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18) S(0)niRlO, 

19) CN. 

20) NRIOrH, 

.21) N(R10)(CO)NR4r11 .and, 
5 22) 0(C0)R4 

or two r5 attached to tiie saaoe caibon form the substituent =0, such that C(r5)2 may be C=0, 

where the number of r5 substituents that are not H, can range from zero to three; 

10 

r6 is independently selected from: H, Ci^ alky], (F)pCi^ alkyl. C3-6 cycloalkyl, aryl. heteroaryl and 
baizyl, unsubstituted or substituted with 



15 



20 



25 



a) 


(F)pCi-3 alkyl. 


b) 


halc^en, 


c) 


0R4. 


d) 


0(CH2)sOR4 


e) 


CO2R4. 


0 


(CO)NR10r11. 


g) 


O(CO)NR10r11. 


h) 


N(r4)(CO)NR10r11. 


i) 


N(r10)(cO)R11. 


j) 


N(R10)(CO)OR11. 


k) 


SO2NR10r11. 


1) 


N(RlO)S02Rli. 


m) 


S(0)n^lO. 


n) 


CN, 


0) 


nrIOrH, 


P) 


N(RlO)(cO)NR4Rll,and 


q) 


0(C0)R4; 



30 



GrJ is selected from: N, C(r5). C=C(r5), N-C(R5)2. ON. C(R5)-C(R5)2, C(R5).N(r6), and 
N-N(R6); 
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10 



15 



Q-T is is selected from: C(R5)2-C(R5)2, C(R5>=C(R5) , N=C(R5), C(R5)=N, N=N, N(R6), C(r5)2- 
(C=0), N(r6kc=0), and C(r5)2-N(R6); 

r3 is independently selected from H, substituted or misubstitated C1-C3 alkyl, CN, F, OR* and CO2R'*; 



pis 
mis 
nis 
s is 



0 to 2q+l, for a substituent with q carbons; 

0, lor 2; 
Oorl; 

1, 2 or 3; 



and pharmaceutically acceptable salts and individual diastereomers thereof. 

Further embodiments of the invention are CGRP antagonists of Formula I which include 
coiiqx)unds of the Formula la: 




W-C— N 



r 



11 



A-'B O 



G^NH 

T 
O 




la 



wherein: 

20 Aisabond,C(R2)2,O.S(0)inorNR2; 
Bis(C(R2)2)n; 
DisO; 

n is 0 or 1; and 

Rl, R2 r4, W, R3, G-J, Q-T, and m are as defined in Fonnula 1; 
25 and phannaceatically acceptable salts and individual stereoisomers thereof. 



Still further embodiments of the hiv^tion are CGRP antagonists of Focmula I which 
include compounds of the Formula lb: 



-13- 



wo 2005/072308 



PCT/US2005/002199 




(R')l-9 



W-C— N 
It 



lb 




I I 
G^NH 

T 

o 



10 



wherein: 

A is a bond, C(R2)2, O, S(0)ni or NR2; 
Bis(C(R2)2)n; 

nisOorl;and 

Rl, R2, r4, w, R3, G-J, Q-T, and m are as defined in Formula I; 

and phannaceuticaUy acceptable salts and individual stereoisomers thereof. 

Additional embodiments of the mvention are CGRP antagonists of Formula I which 
include coa^K>unds of the Formula Ic: 



15 



ic 



wherein: 



Rl, R2 r4, w, R3, G-J. Q-T. and m are as defined in Formula I; 

and pharmaceutically acceptable salts and individual stereoisomers thaeof. 

Additional embodiments of flie invention are CGRP antagonists of Formula I which also 
20 include compounds of the Formula U: 



R2 
R2- 



R2' 



Id 
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10 



15 



wherein: 

A is C(R2)2, 0, S(0)m or NR2; 

R1. R2, r4, W. R3,G-J, Q-T, aad m aie as defined in Formula 1; 

and phannaceutically acceptable salts and individual stereoisonoers thereof. 

Additional embodunents of the invention are CXjRP antagonists of Formula I which 
include corripounds of the Formula le: 




le 



wherein: 

A is C(R2)2, O. S(0)m or NR2; 

r1, R2, r4 w, R3, G-J, Q-T, and m are defined m Formula I; 

and phannaceutically acceptable salts and individual stereoisom^ thereof. 

Further embodunents of the invention are CGRP antagonists of Formula I, and in 
particular Formulae la -le, wherein: 



20 



25 



30 



Rl is selected from: 



I) H, Cj-Cg aUcyl, C3.6 cycloallq^l and heterocycle, unsubstituted or substituted with one or 

more substituents independently selected firom: 

a) C1.6 alkyl, 

b) C3-6 cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected fromR"*, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independendy selected from R^, 
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5 



I) 


(F)pCi.3 alkyl, 


g) 


halogen, 


h) 


0R4. 


i) 


0(CH2)sOR4 


j) 


CO2R4. 


k) 


CN, 


1) 


NRIOrII and 


m) 


0(C0)R4; and 



2) aiyl or heteroaryl, unsubstitated or substituted with one or more substituents 
indq)endenlly selected fiom: 



a) 


Cl^ alkyl. 


b) 


Cs-ecycloalkyl, 


c) 


(F)pCi.3 aliyl. 


d) 


halogen. 


e) 


Or4. 


f) 


CO2R4. 


g) 


(CO)NR10r11. 


h) 


SO2NR10r11. 


i) 


N(R10)S02J111. 


j) 


S(0)n^4 


k) 


CN, 


1) 


NRIOrH, and. 


m) 


0(C0)R4; 



R2 is selected firam: 

1) H, Co-Cg alkyl, C2-C6 alkynyl, €3^ cycloalkyl and heterocycle, unsubstituted 

substituted with one or mcjrc substituents independently selected from: 

a) Ci-6 alkyl, 

b) C3-6 cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 sustituents where the 
substituents are independently selected from r4. 
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d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 



5 


f) 


(F)pCi.3 alkyl, 




g) 


halogen. 




h) 


0R4. 




i) 


0(CH2)sOR4 




j) 


CO2R4. 


10 


k) 






1) 


CN, 




m) 


NRlORll.and 




n) 


0(C0)R4; and 



15 2) aryl or heteroaryl, unsubstituted or substituted with one more substituents independently 



selected from: 


a) 


Ci^ aliyl, 


b) 


C3.6 cycloalkyl. 


c) 


(F)pCi.3 alkyl. 


d) 


halogen. 


e) 


0R4. 


f) 


CO2R4. 


g) 


(CO)NR10r11. 


h) 




i) 


N(R10) SO2RII. 


j) 


S(0)niR4 


k) 


C3Sf, 


1) 


NRlORil, and 


m) 


0(C0)R4; 



.30 

or, any two independent on the same carbon or on adjacent carbons may be joined together to form a 
ring selected from cyclobutyl, cyclopentenyl, cyclopentyl, cyclohexenyl, cyclohexyl, thiazolinyl, 
oxazolinyl, innddazolinyl, imidazolidinyl, pyirolinyl, morpholinyl, thiomorpholinyl, thiomorpholinyl S- 
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oxide, thiomorpholiiiyl S-dioxide, azetidmyl, pyrroUdinyl, piperidinyl, tetrahydiofinaDyl, 
tetrahydropyranyl, tetrahydropyridyl. fiiranyl, dihydrofuranyl, dihydropyranyl or piperazinyl, 

where said ring is unsubstituted or substituted with 1-5 substitueots independently selected from: 

(a) -Ci-ealiyl. which is unsubstituted or substituted with 1-3 substituents 
independently selected from: 

(i) halo, 

(ii) hydroxy, 

(iii) -O-Ci-eallsyl, 

(iv) -C3.6cycloalkyl, 

(v) -CORlO 

(vi) -CO2RIO, 

(vii) -NRIOrU, 

(viii) ^02RlO, 

(ix) -CONRlQRll.and 

(x) -(NRlO)C02Rll, 

(b) -SO2NRIORII, 

(c) halo, 

(d) .SO2RIO, 

(e) hydroxy, 

(f) -O-Cl-eallcyl, which is unsubstituted or substituted with 1-5 halo, 

(g) -CN, 

(h) -CORlO, 

(i) -NRIOrU. 
0) -CONRIOrU, 
(k) -CO2RIO. 

a) -<NRlO)C02Rll. 

(m) -O(CO)NR10r11, 

(n) -(NR4)(C0)NR1Qr11, and 

(o) 0x0; 

RIO and Rll are independently selected from: H, Ci^ alkyl. (F)pCi-6 alkyl, C3-6 cycloalkyl. aiyl. 
heteroaryl and benzyl, unsubstituted or substitiited witii halogen, hydroxy or Ci-Ce alkoxy, where RlO 
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and Rl 1 may be joined together to form a ring selected from: azetidmyl, pyirolidinyl, piperidinyl, 
piperazmyl and morpholinyl, which is unsubstituted <x substitated with 1-5 substittients whoe the 
substituents ate indqpendraitiy selected from R'^ 

r4 is independently selected from: H, Ci^ alky], (F)pCi^ alkyl, Cs^ cycloalkyl, aryl, heteroaryl and 
benzyl, unsubstituted or substituted with halogen, hydroxy or Ci-Cg alkoxy; 

WisO,NR4orC(R4)2; 
G-J is selected from: 

N, such that whai G-J is so defined, and Q-T is C(r5)2 - C(r5)2 the foUowmg structure fcnms: 

— N NH 

Y 

o 

N, such that whsa G-J is so defined, and Q-T is C(R5)=C(R5) the following structure forms: 

— N NH 

T 

o . 

N, such that when G-J is so defined, and Q-T is N=CXR^) the following structure forms: 

— N NH 

Y 

o , 

N, such that when G-J is so defined, and Q-T is C(Bp) =N the followmg structure forms: 
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)=N 
— N NH 

T 

o . 

N, such that when G-J is so defined, and Q-T is N=N the following structure forms: 

|SJ=N 
— N^NH 

T 

o , 

C= C(R^), such that when G-J is so defined, and Q-T is N(r6) the following structure forms: 

N, such that when G-J is so defined and Q-T is C(R5)2 -(C=0) the following structure fcmns: 

— N NH 
T 

O , 

N-C(R5)2, such that when G-J is so defined and Q-T is C(R5)2-C(R5)2 the foUowing structure forms: 

— N^NH 

T 

o 

C=C(R5), such that when G-J is so defined and Q-T is C(R5)=C(r5) the foUowing structure forms: 
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o 

OC(R^), such that when O-J is so defined and Q-T is C(R^)=N die foUowing structme forms: 



R5 



R5 



N 

NH 



O , 



10 



C= CXR^) such diat when O-J is so defined and Q-T is N=C(R^) the following stmctuie forms: 

— 



C=N such that when G-J is so defined and Q-T is C(R5)=C(R5) the following structure forms: 



R5 



N 




R5 




NH 



15 N-C(R5)2, such that whM G-J is so defined and Q-T is C(r5)2-(C=0) the following structure forms: 
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/N^NH 
O 

C(R5)-C(R5)2, such that whai G-J is so defined and .Q-T is N(r6)-(C=0) the foUowing structure fonns: 



R5 k' 



R5 



VN^O 
NH 



O 



C(r5)-C(R5)2, such that when G-J is so defined and Q-T is C(R5)2-C(r5)2 the following structure 
forms: 

d5 d5 

-^^^ 

O , 

C(R5)-C(R5)2, such that when G-J is so defined and Q-T is C(R5)2-N(r6) the foUowing structure forms: 



C(R5).N(r6), such that when G-J is so defined and Q-T is C(R5)2-C(R5)2 the following structure forms: 
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d5 d5 




O 



C(R5)-C(R^)2. such that whai G-J is so defined and Q-T is N=C(r5) the following structure forms: 



R5 



NH 



O 



N-C(R5)2, such that wbsa G-J is so defined and Q-T is C(R5)2-Nfft6) the following structure forms: 



R5 



pj5 



.N^NH 

T 

o 



R6 



10 



N-N(r6), such that when G-J is so defined and Q-T is C(r5)2-C(R5)2 the foUowmg structure forms: 

d5 q5 

r6 y 

">^RB 
/N^NH 

O .and 



N-C(R^)2, such that when G-J is so defined and Q-T is N=C(R^) the following structure forms: 

/N^NH 
O 

and tautomers; 
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is independently selected firom H and: 

1) Ci-Cg alkyl, Ci-Cg alkenyl, Cz-Cq alkynyl. €3^ cycloaUcyl and heterocycle, 

unsubstituted ot substituted wilii one or mrae substituents independently selected firom 

a) Ci^ alkyl, 

b) C3^ cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from R^, 

d) heteioaiyl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from JR^, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 

f) (F)pCi_3 alkyl. 

g) halogen, 

h) 0R4, 

i) 0(CH2)sOR4 
j) CO2R4. 

k) (CO)NR1Qr11. 

1) . O(CO)NR10r11. 

m) N(R4)(CO)NR10r11. 

ri) N(R10)(CX))R11. 

o) N(R10)(CO)OR11. 

p) SO2NR10r11. 

q) N(R10) SO2RII. 

r) S(O)jnRl0. 

s) CN. 

t) NRIOrII, 

N(R10)(CO)NR4r11, and, 
V) 0(C0)R4; 

2) aryl or heteroaryl, unsubstituted or substituted with one or more substituents 
independently selected from: 
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a) Ci-6 alkyl, 

b) C3^ cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents wh^e 
the substituents are independently selected from R'*, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are indq)endenfly selected from R'*, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 

f) (F)pCi-3 alkyl, 

g) halogen, 

h) 0R4. 

i) 0(CH2)sOR4 
j) CO2R'*. 

k) (CO)NR10rH. 

1) O(CO)NR10r11. 
m) N(r4)(C0)NR1Qr11. 

n) N(R10xOO)R11. 

o) N(R10xcX))OR11. 

p) S02NR10R^1. 

q) N(R10)S02R11. 
r) S(0)njRlO, 

s) CN, 

t) NRlpRll, 

u) N(R10)(CO)1SIR4r11, and 

v) 0(C0)R4; 

3) Ci-6 alkyl, 

4) C3-6 cycloalkyl, 

5) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from r4, 

6) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independendy selected from r4 

7) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independenfly selected from r4 
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8) 


(F)pCi.3 alkyl. 


9) 


halogen. 


10) 


0R4. 


11) 


0(CH2)sOR4 


12) 


CO2R4. 


13) 


(CO)NR10r11. 


14) 


O(CO)NR10r11. 


15) 


N(r4)(CO)NR10r11. 


16) 


N(R10)(CO)R11. 


17) 


N(R10)(CO)OR11. 


18) 


S02NR10r11. 


19) 


N(r10) 


20) 


S(0)n^lO, 


21) 


CN. 


22) 


nrIOrH, 


23) 


N(RlO)(CO)NR4Rll,and 


24) . 


0(C0)R4 



or two r5 attached to the same carbon form the substituent =0, such that C(R5)2 may be 0=0, 

20 

where the number of substituents that are not H, can range jfrom zero to three; 

R3 is independently selected firom H, substituted or unsubstituted C1-C3 alkyl, CN and CO2R*; 
P is 0 to 2q+l , for a substituent with q carbons; 

25 mis 0to2; 
sis lto3; 

and pharmaceutically acceptable salts and individual stereoisomers thereof. 

Further embodinoents of the present mvention include those wherein G-J is selected from 
N, C=C(R5), N-C(R5)2 and ON and wherein Q"T is selected from C(R5)<:(r5) C(r5)2-C(r5)2, 
30 N=C(R5), C(R5) =N, N=N. N(R6) and C(R5)2 =(C=0). 

It is to be understood that where one or more of the above recited structures or 
substructures recite multiple substituents having the same designation each such variable may be the same 
or different from each similarly designated variable. For exanople, R2 is recited four times in Formula I, 
and each R2 in Formula I may independendy be any of the substructures defined under R2. The 
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invention is not limited to structures and substructures wherein each must be the same for a given 
structure. The same is true with respect to any variable appearing multiple time in a stmcture or 
substructure. 

The con5)Ounds of the present invention may contain one or more asymmetric centers 
5 and can thus occur as racemates and racemic mixtures, single enantiomers, diastereomeric mixtures and 
individual diastereomers. Additional asymmetric centers inay be present depending upon the nature of 
the various substituents on the molecule. Each such asymmetric center will independently produce two 
optical isomers and it is intended that all of the possible optical isomers and diastereomers in mixtures 
and as pure or partially purified con5)ounds are included within the ambit of this invention. The present 
10 mvention is meant to comprehend all such isomeric forms of these compounds. 

Some of the corcpounds described herein contain olefinic double bonds, and unless 
specified otherwise, are meant to include both E and Z geometric isomers. 

The independent syntheses of these diastereomers or their chromatographic separations 
may be achieved as known in the art by appropriate modification of the methodology disclosed herein. 
15 Their absolute stOTeochemistry may be determined by the x-ray crystallography of crystalline products or 
crystalline intermediates which are derivatized, if necessary, with a reagent containing an asymmetric 
center of known absolute configuration. 

If desired, racemic mixtures of the compounds may be separated so that the individual 
enantiomers are isolated. The separation can be carried out by methods well known in the art, such as the 
20 coupling of a racemic mixture of compounds to an enantiomerically pure conq)ound to form a 

diastereomeric mixture, followed by separation of the individual diastereomers by standard methods, such 
as fitictional crystallization or chromatography. The coiq>ling reaction is often the formation of salts 
using an enantiomerically pure acid or base. The diasteromeric derivatives may then be converted to the 
pure enantiomers by cleavage of the added chiral residue. The racenoic mixture of the conq>ounds can 
25 also be separated direcdy by chromatographic methods utilizing chiral stationary phases, which methods 
are weU known in the art. 

Alternatively, any enantiomer of a conapound may be obtained by stereoselective 
synthesis using optically pure starting materials or reagents of known configuration by methods well 
known in the art. 

30 As will be appreciated by those of skill in the art, not all of the RlO and Rl 1 substituents 

are capable of forming a ring structure. Moreover, even those substituents capable of ring formation may 
or may not form a ring structure. 

Also as appreciated by those of skill in the art, halo or halogen as used herein are 
intended to include chloro, fluoro, bromo and iodo. 
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As used herein, "alkyl" is intended to mean linear, branched and cyclic structures having 
no double or triple bonds. Thus Ci-6allQrl is defined to identify the group as having 1, 2, 3, 4, 5 or 6 
carbons in a linear or branched arrangement, such that Ci-6alkyl specifically includes methyl, ethyl, n- 
propyli iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl and hexyl. "Cycloalkyl" is an alkyl, part or all of 
which which forms a ring of three or more atoms. Cq or Coalkyl is defined to identify the presence of a 
duect covalent bond. 

The term "alkenyl" means Imear or branched structures and combinations thereof, of the 
indicated number of carbon atoms, having at least one carbon-to-carbon double bond, wherein hydrogen 
may be replaced by an additional carbon-to-carbon double bond. C2-6aIkenyl, for example, includes 
ethenyl, propenyl, 1-methylethenyl, butenyl and the like. 

The term "alkynyl" means linear or branched structures and combinations thereof, of the 
indicated number of carbon atoms, having at least one carbon-to-carbon triple bond. Thus C2.6alkynyl is 

defined to identify the group as having 2, 3, 4, 5 or 6 carbons in a Unear or branched arrangement, such 
that C2-6alkynyI specifically includes 2-hexynyl and 2-pentynyl. 

As used herein, "aryl" is intended to mean any stable monocyclic or bicycUc carbon ring 
of iq) to 7 members in each ring, wherein at least one ring is aromatic. Exanaples of such aryl elements' 
include phenyl, napthyl, tetrahydronapthyl, mdanyl, or biphenyl. 

The tenn "heterocycle** or 'lieterocyclic", as used herein except where noted, represents a 
stable 5- to 7-membered monocyclic- or stable 8- to 1 1-membered bicyclic heterocyclic ring system 
which is either saturated or unsaturated, and which consists of carbon atoms and fiom one to four 
het^oatoms selected from the group consisting of N, O and S, and wherein the nitrogen and sulfur 
heteroatoms may optionally be oxidized, and the nitrogen heteroatom may optionally be quatemized, and 
mcludmg any bicyclic group in which any of the above-defined heterocyclic rings is fused to a benzene 
ring. The heterocyclic ring may be attached at any heteroatom or carbon atom which results in the 
creation of a stable structure. Exanples of such het^t)cyclic groups include, but are not limited to, 
azetidine, chroman, dihydrofuran, dihydropyran, dioxane, dioxolane, hexahydroazepine, imidazolidiae, 
imidazolidinone, imidazoline, imidazolinone, mdoline, isochroman, isoindoline, isothiazoline, 
isothiazolidine, isoxazoline, isoxazolidine, morpholine, morpholinone, oxazoline, oxazolidine, 
oxazolidinone, oxetane, 2-oxohexahydroazepin, 2-oxopiperazine, 2-oxopiperidine, 2-oxopyn:olidine, 
piperazine, piperidine, pyran, pyrazolidine, pyrazolme, pyrrolidine, pyrroline, quinuclidine, 
tetrahydrofuran, tetrahydropyran, thiambrpholine, thiazoline, thiazolidine, thiomoipholine and N-oxides 
thereof. 

The term "heteroaryl", as used herein except where noted, represents a stable 5- to 7- 
membered monocyclic- or stable 9- to 10-membered fused bicyclic heterocyclic ring system which 
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contains an aromatic ring, any ring of which noay be saturated, such as piperidinyl, partially saturated, or 
unsaturated, such as pyridinyl, and which consists of carbon atoms and from one to four heteroatoms 
selected from the group consisting of N, O and S, and wherein the nitrogen and sulfur heteroatoms may 
optionally be oxidized, and the nitrogen heteroatom may optionally be quatemized, and including any 
5 bicyclic group in which any of the above-defined heterocyclic rings is fused to a benzene ring. The 
heta*ocycIic ring may be attached at any heteroatom or carbon atom which results in the creation of a 
stable structure. Examples of such heteroaryl groups include, but are not limited to, benzimidazole, 
benzisothiazole, benzisoxazole, benzofuran, benzothiazole, benzothiophene, benzotriazole, benzoxazole, 
carboline, cinnoline, furan, furazan, imidazole, indazole, indole, indolizine, isoquinoline. isothiazole, 
10 isoxazole, naphthyridine, oxadiazole, oxazole, phthalazine, pteridine, purine, pyran, pyrazine, pyrazole, 
pyridazine, pyridine, pyrimidine, pyrrole, quinazoline, quinoline, quinoxaline, tetrazole, thiadiazole, 
thiazole, thiophene, triazine, triazole, and N-oxides thereof. 

The tenn "alkoxy,'* as in Ci-C6 aUcoxy, is intended to refer to include alkoxy groups of 

from 1 to 6 carbon atoms of a straight, blanched and cyclic configuration. Exanqples include noethoxy, 

15 ethoxy, propoxy, isopropoxy, cyclopropyloxy, cyclohexyloxy and the like. 

The phrase "phannaceutically acceptable" is employed herdn to refer to those 
cQnq>ounds, materials, conq>ositions, and/or dosage forms which are, within the scope of sound medical 
judgmmt, suitable for use in contact with the tissues of human beings and animals without excessive 
toxicity, irritation, allergic response, or other problem or complication, commensurate with a . reasonable 

20 benefit/risk ratio. 

As used herein, "pharmaceutically acceptable salts" refer to derivatives wherein the 
parent compound is modified by making acid or base salts thereof Examples of pharmaceutically 
acceptable salts include, but are not linuted to, mineral or organic acid salts of basic residues such as 
amines; alkali or organic salts of acidic residues such as carboxylic acids; and the like. The 

25 pharmaceutically acceptable salts include the conventional non-toxic salts or the quaternary ammonium 
salts of the parent compound formed, for example, from non-toxic inorganic or organic acids. For 
example, such conventional non-toxic salts include those derived from inorganic acids such as 
hydrochloric, hydrobromic, sulfuric, sulfanodc, phosphoric, nitric and die like; and the salts prepared from 
organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, 

30 pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, sulfanilic, 2-acetoxybenzoic, 
fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, isethionic, and the like. 

The number of certain variables present in certain instances is defined in terms of the 
number of carbons present. For example, variable "p" is occasionally defined as follows: **p is 0 to 2q+l, 
for a substituent with q carbons". Where the substituent is "(F)pCi-3 alkyl" this means that when there is 
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one carbon, there are 2(1) + 1 = 3 fluorines. When there are two carbons, there are 2(2) +1 = 5 fluorines, 
and when thre are three carbons there are 2(3) = 1 = 7 fluorines. 

When variables G and J are presented or depicted as "G-P' this indicates that G and J 
together represent a particular moiety. G-J may represent a single ring atom or various arrangements of 
multiple ring atoms. For instance, G-J is at times herein defined as the single ring atom N, and is at other, 
times defined as multiple ring atoms 0=C(R5), ON, and so forth. Similarly, when variables Q and T are 
presented or depicted as "Q-T" this indicates that these variables together represent a particular moiety. 
Here, Q-T may represent various arrangements of multiple ring atoms, for instance C(R5)2-C(r5)2 
N=C(R5), C(r5)=N, N=N, N and C(r5)2<(:M)), among oft^ 

It is understood that fused rings formed by groups on adjacent carbon atoms are 
necessarily limited by the nature of the bond between the adjacent carbon atoms. Thus, where adjacent 
carbon atoms are double bonded, a fused ring formed by groups on these adjacent carbon atoms must 
of course include a carbon-carbon double bond, for instance cyclopentenyl, cyclohexenyl, phenyl, 
naphthyl, thienyl, thiazolyl, thiazolinyl. oxazolyl, oxazolinyl, imidazolyl. imidazolinyl, pyridyl, 
pyrimidyl, pyrazinyl. pyrrolyl, pyrrolinyl, tetrahydropyridyl, furanyl, dihydrofuranyl and dihydropyranyl. 

When the conq)ound of the present invention is basic, salts may be prepared from 
phaimaceutically acceptable non-toxic acids, including inorganic and organic acids. Such acids include 
acetic, benzenesulfonic, benzoic, canq)horsulfonic, citric, ethanesulfonic, fumaric, gluconic, glutamic, 
hydrohromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic, methanesulfonic, mucic, nitric, 
pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric, p-toluenesulfonic acid, and the like. In one 
aspect of the invention the salts are citric, hydrobromic, hydrochloric, maleic, phosphoric, sulfuric, 
fumaric, and tartaric acids, ft wiH be understood that, as used herein, references to the compounds of 
Formula I are meant to also include the phannaceutically acceptable salts. 

Exemplifying the invention is the use of the conq)Ounds disclosed in the Examples and 
herein. Specific compounds withm the present mvention include a compound which selected firom the 
group consisting of the compounds disclosed in the following Examples and phaimaceutically acceptable 
salts thereof and individual diastereomers thereof. 

The subject compounds are useful in a method of antagonism of CGRP receptors in a 
patient such as a mammal in need of such antagonism comprising the administration of an effective 
amount of the compound. The present invention is directed to the use of the compounds disclosed herein 
as antagonists of CGRP receptors. In addition to primates, especially humans, a variety of other 
mammals can be treated according to the method of the present invention. 

Another embodiment of the present invention is directed to a method for the treatment, 
control, amelioration, or reduction of risk of a disease or disorder in which the CGRP receptor is involved 
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in a patient that comprises admiiustering to the patient a therapeutically effective arrininifr of a compound 
that is an- antagonist of CGRP receptors. 

The present invention is further directed to a method for the manufacture of a 
medicament for antagonism of CGRP receptors activity in hunMns and animals conoprising combining a 
compound of the present invention with a pharmaceutical carrier or diluent 

The subject treated in the present methods is generally a naammal, for example a human 
being, male or female, m whom antagonism of CGRP receptor activity is desired. The term 
"therapeutically effective amount" means the amount of the subject compound that will elicit the 
biological or medical response of a tissue, system, animal or human that is being sought by the researcher, 
veterinarian, medical doctor or other clinician. As used herein, the term "treatment" refers both to the 
treatment and to the prevention or prophylactic therapy of the mentioned conditions, particularly in a 
patient who is predisposed to such disease or disorder. 

The term "composition" as used herein is intended to encompass a product conq)rising 
the specified ingredients in the specified amounts, as well as any product which results, directly or 
indirecdy, from combination of the specified ingredients in the specified amounts. Such term in relation 
to pharmaceutical composition, is intended to encompass a product cornprismg the active ingredient(s), 
and the inert ingredient(s) that make up the carrier, as well as any product which results, directly or 
indirectly, fiom combination, conq)lexation or aggregation of any two or more of the ingredients, or from 
dissociation of one or more of the ingredients, or fijom other types of reactions or interactions of one or 
more of the ingredients. Accordingly, the pharmaceutical compositions of the present invention 
encompass any con:q>osition made by admixing a confound of the present invention and a 
phannaceutically acceptable carrier. By "phannaceutically acceptable" it is meant the earner, diluent or 
excipient must be conq)atible with the otha: mgredients of the formulation and not deleterious to ±e 
recipient thereof. 

The terms "admuiistration oP and or "administering a" confound should be understood 
to mean providmg a compound of the mvention or a prodrug of a compound of the invention to the 
individual in need of treatment 

The utility of the conq)ounds in accordance with the present invention as antagonists of 
CGRP receptor activity may be demonstrated by methodology known in the art Inhibition of the binding 
of ^^I-CGRP to receptors and functional antagonism of CGRP receptors were determined as follows: 

BINDING ASSAY: The binding of ^^I-CGRP to receptors in SK-N-MC cell 
membranes was carried out essentially as described (Edvinsson et al (2001) Eur, J. Pliamiacol 415, 39- 
44). Briefly, membranes (25 Dg) were incubated in 1 ml of binding buffer [10 mM HEPES, pH 7.4, 5 
mM MgCl2 and 0.2% bovine serum albumin (BSA)] containing 10 pM ^^I-CGRP and inhibitor. After 
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incubation at room temperature for 3 h, the assay was terminated by filtration through GEB glass fibre 
filter plates (Millipore) that had been blocked with 0.5% polyethyleneimine for 3 h. The filters were 
washed three times with ice-cold assay buffer, then the plates were air dried. Scintillation fluid (50 1) was 
added and the radioactivity was counted on a Topcount (Packard Instrument). Data analysis was carried 
out by usmg Prism and the Ki was determined by using the Cheng-Pnisoff equation (Cheng & Prusoff 
(1973) BiochenL Pharmacol 22, 3099-3 108). 

FUNCTIONAL ASSAY: SK-N-MC cells were grown in Tninima] essential medium 
(MEM) supplemented with 10% fetal bovine serum, 2 mM L-glutamine, 0.1 mM non-essential amino 
acids, 1 mM sodium pyruvate, 100 units/ml penicillin and 100 g/ml streptomycin at 37 "^C, 95% hxmudity, 
and 5% CO2. For cAMP assays, cells were plated at 5 x 10^ cells/well in 96-well poly-D-lysine-coated 
plates (Becton-Dickinson) and cultured for ~ 18 h before assay. Cells were washed with phosphate- 
buffered saline (PBS, Sigma) then pre-incubated with 300 M isobutyhnethylxanthine in serum-free MEM 
for 30 mm at 37 X. -CGRP-(8-37) was added and the cells were incubated for 10 min before the 
addition of CXjRP. The incubation was continued for another 15 min, then the cells were washed with 
PBS and processed for cAMP determination according to the manufacturers recommended protocol. 
Maximal stimulation over basal was defined by using 100 nM CORP. Dos^-response curves were 
generated by using Prisnt Dose-ratios (DR) were calculated and used to construct full Schild plots 
(Arunlakshana & Schild (1959) Br. J. Pfuamacol 14, 48-58). 

Jr particular, the conq>ounds of the following exanq>ies had activity as antagonists of tbt 
CGRP receptor in the aforementioned assays, gen^lly with a Ki or IC^so value of less than about 50 DM. 
Such a result is indicative of the intrinsic activity of the conf^ounds in use as antagonists of CGRP 
receptors. 

The ability of the compounds of the present invention to act as CGRP antagonists makes 
them usefid pharmacological agents for disorders that involve CGRP in humans and animals, but 
particularly in humans. 

The conq)ounds of the present invention have utility in treating, prevendng, ameliorating, 
controlling or reducing the risk of one or more of the following conditions or diseases: headache; 
migraine; cluster headache; chronic tension type headache; pain; chronic pain; neurogenic inflanomation 
and inflammatory pain; neuropathic pain; eye pain; tooth pain; diabetes; non-insulin dependent diabetes 
mellitus; vascular disorders; inflammation; arthritis; asthma; shock; sepsis; opiate withdrawal syndrome; 
morphine tolerance; hot flashes in men and women; allergic dennatitis; encephalitis; brain traunfia; 
epilepsy; neurodegenerative diseases; skin diseases; neurogenic cutaneous redness, skin rosaceousness 
and erythema; and other conditions that may be treated or prevented by antagonism of CGRP receptors. 
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Of particular inqportance is the acute or prophylactic treatment of headache, including ndgraine and 
cluster headache. 

The subject compounds are further useful in a method for the prevention, treatment, 
control, amelioration, or reduction of risk of the diseases, disorders and conditions noted herein. 
5 The subject conipounds are further useful in a method for the prevention, treatment, 

control, amelioration, or reduction of risk of the aforementioned diseases, disorders and conditions in 
combination with other agents. 

The compounds of the present invention may be used in combination with one or more 
other drugs in the treatment, prevention, control, amelioration, or reduction of risk of diseases or 

10 conditions for which compounds of the invention or the other drugs may have utility, where the 

combination of the drugs together are safer or more effective than eitiier drug alone. Such other drug(s) 
may be administered, by a route and in an amount commonly used therefor, contemporaneously or 
sequentially with inventive compounds. When an inventive compound is used contenq>oraneously with 
one or more other drugs, a pharmaceutical composition in unit dosage form containing such other drugs 

15 and the inventive conq>ound may be used. However, the combination therapy may also include therapies 
in which the inventive soiqpounds and one or more other drugs are administered on different overlapping 
schedules. It is also contencq)lated that when used in combination with one or more other active 
ingredients, the conopounds of the present invention and the otiier active ingredients may be used in lower 
doses than when each is used singly. Accordingly, the pharmaceutical compositions of the present 

20 invention include those that contain one or more other active ingredients, in addition to an inventive 
compound or compounds. 

For exanople, the present compounds nmy be used ui conjunction with an anti- 
inflammatory or analgesic agent or an anti-migraine agent, such as an ergotamine or 5-HTi agonists, 
especially a S-HTibhd agonist, for exanq)le sumatriptan, naratriptan, zolmitriptan, eletriptan, almotriptan, 

25 frovatriptan, donitriptan, and rizatriptan; a cyclooxygenase mhibitor, such as a selective cyclooxygenase- 
2 inhibitor, for exanq)le rofecoxib, etoricoxib, celecoxib, valdecoxib or paracoxib; a non-steroidal anti- 
inflammatory agent or a cytokine-suppressing anti-inflammatory agent, for example with a conq>ound 
such as aspirin, ibuprofen, ketoprofen, fenoprofen, naproxen, indomethacin, sulindac, noeloxicam, 
piroxicam, tenoxicam, lomoxicam, ketorolac, etodolac, mefenamic acid, noeclofenamic acid, flufenamic 

30 acid, tolfenamic acid, diclofenac, oxaprozin, apazone, nimesulide, nabumetone, tenidap, etanercept, 

tolmetin, phenylbutazone, oxyphenbutazone, diflunisal, salsalate, olsalazine or sulfasalazine and the like; 
or a steroidal analgesic. Similarly, the instant compounds may be administered with a pain reliever such 
as acetaminophen, phenacetin, codeine, fentanyl, sufentanil, methadone, acetyl methadol, buprenorphine 
or morphine. 
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AdditionaUy, the present compounds may be used in conjunction with an interleukin 
inhibitor, such as an interleukin-1 inhibitor; an NK-1 receptor antagonist, for example aprepitanf an 
NMDA antagonist; an NR2B antagonist; a bradyMnin-l receptor antagonist; an adenosine Al r^eptor 
agomst; a sodimn channel blocker, for example lamotrigine; an opiate agonist such as levomethadyl 
acetate or methadyl acetate; a Upoxygenase inhibitor, such as an inhibitor of 5-Hpoxygenase; an alpha 
leceptor antagonist, for exanqjle indoramin; an alpha raptor agonist; a vaniUoid receptor antagonist; an 
mGluRS agonist, antagonist or potentiator, a GABA A receptor modulator, for example acamprosate 
calcium; nicotinic antagonists or agonists including nicotme; muscarinic agonists or antagonists- a 
selective serotonin reuptake inhibitor, for example fluoxetine, paroxetine, sertraline, duloxetine ' 
escitalopram. orcitalopram; atricycUc antidepi^sant. for example amitriptyline. doxepin. pn^triptyline 
desipramme. trimipramine. or imipiamine; a leukotriene antagonist, for example montelukast or 
zafirlukast; an inhibitor of nitric oxide or an inhibitor of the synthesis of nitric oxide. 

Also, the present compounds may be used in conjunction vdth ergot alkaloids for 
example ergotamine, ergonovine. eigonovine. methylergonovine. metergoline. ergoloid mesylates 
(fahydroergotamine. dihydroergocomine. dihydroergocristme. dihydroergociyptine. dihydro-I- 
^gociyptine. dihydro-^gocryptine, ergotoxine, ergocomine. ergocristine. ergociyptine. I-ergociyptmb 
*<rgocryptine, eigosine. ergostane. bromocriptine, or methysergide. 

Additionally, the present conqjounds may be used in conjunction with a beta-adrenergic 
antagonist such as timolol, propanolol. atenolol, or nadolol, and the like; a MAO inhibitor, for example 
phenelzine; a calcium chamiel blocker, for example flunarizine. nimodipme. lomerizine. verapamil 
mfedipme, prochlorperazme or gabapentin; nemxJeptics such as olanzapine and quetiapine- an 
anticonvulsant such as topiramate. zonisamide. tonabersat. caiabersat or divalproex sodimn; an 
angiotensin E antagonist, for example losaitan and candesartan dlexetU; an angiotensm converting 
enzyme inhibitor such as lisinopril; or botulinum toxm type A. 

The present compomids may be used in conjmiction with a potentiator such as caffeine 
an H2-antagonist. simethicone, aluminum or magnesium hydroxide; a decongestant such as 
phenylephrine, phenylpropanolamine, pseudoephedrine. oxymetazoline. epinephrine, naphazoline 
xylometazoline. propylhexedrine, or levo-desoxy-ephedrine; an antitussive such as codeine, hydnxodone 
ca^miphen. carbetapentane. or dextromethorphan; a diuretic; a prokinetic agent such as metoclopramide ' 
or dompendone, and a sedating or non-sedating antihistamine. 

hi one embodiment the present compounds are used in conjunction with an anti-migraine 
agent, such as: an ergotamine; a 5-HT, agonist, especially a S-HT,,,, agonist, in particular, sumatriptan 
naratnptan. zohnitriptan. eletriptan. ahnotriptan. frovatriptan. donitriptan and rizatriptan- and a 
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cyclooxygenase inhibitor, such as a selective cyclooxygeiiase-2 inhibitor, in particular, rofecoxib, 
etoricoxib, celecoxib, meloxicam, valdecoxib or paracoxib. 

The above combinations include combinations of a compound of the present invention 
not only with one other active compound, but also with two or more other active conqjounds. Likewise, 
5 compounds of the present invention may be used in combination with other drugs that are used in the 
prevention, treatment, control, amelioration, or reduction of risk of the diseases or conditions for which 
conipounds of the present invention are useful. Such other drugs may be administered, by a route and in 
an amount commonly used therefor, contenaporaneously or sequentially with a compound of the present 
invention. When a compound of the present invention is used contemporaneously with one or more other 
10 drugs, a pharmaceutical composition containing such other drugs in addition to the con^oimd of the 
present invention is possible. Accordingly, the pharmaceutical compositions of the present invention 
include those that also contain one or more other active ingredients, in addition to a compound of the 
preset invention. 

The weight ratio of the compound of the compound of the present invention to tfie other 
15 active ingiedientCs) may be varied and will depend upon the eflfective dose of each ingredient Generally, 
an effective dose of each will be used. Thus, for exanq)le, when a compound of the present invention is 
combined with another agent, the weight ratio of the compound of the present invention to the other agent 
will generally lange from about 1000:1 to about 1:1000, or from about 200:1 to about 1:200. 
Combinations of a conq»ound of the present invention and other active ingredients will generally also be 
20 within the aforementioned range, but in each case, an effective dose of each active mgiedient should be 
used. 

In such combinations the compound of the present invention and other active agents may 
be administered separately or in conjunction. In addition, the admmistiation of one element may be prior 
to, concurrent to, or subsequent to the administration of other agrat(s), and via the same or different 
25 routes of administration. 

The compounds of the present invention may be administered by oral, parenteral (e.g., 
intramuscular, intraperitoneal, intravenous, ICV, intracistemal injection or infusion, subcutaneous 
injection, or inq)lant), by inhalation spray, nasal, vaginal, rectal, sublingual, or topical routes of 
administration and may be formulated, alone or together, in suitable dosage unit formulations containing 
30 conventional non-toxic pharmaceutically acceptable carriers, adjuvants and vehicles appropriate for each 
route of administration. In addition to the treatment of warm-blooded animals the compounds of the 
invention are effective for use in humans. 

The pharmaceutical compositions for the administration of the compounds of this 
invention may conveniently be presented in dosage unit form and naay be prepared by any of the methods 
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well known in the art of pharmacy. All methods include the step of bringing the active ingredient into 
association with the carrier which constitutes one or more accessory ingredients. In general, the 
pharmaceutical compositions are prepared by uniformly and intimately bringing the active ingredient into 
association with a liquid carrier or a finely divided solid earner or both, and then, if necessary, shapmg 
the product into the desired formulation. In the pharmaceutical con^osition the active compound is 
included in an amount sufficient to produce the desired effect upon the process or condition of diseases. 
As used herein, the tenn "composition" is intended to encon:q)ass a product con5)rising the specified 
ingredients m the specified amounts, as well as any product which results, directly or indirectiy, from 
combination of the specified ingredients in the specified amounts. 

The pharmaceutical compositions containing the active ingredient may be m a form 
suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible 
powders or granules, emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for 
oral use may be prepared according to any method known to the art for the manufacture of 
pharmaceutical compositions and such compositions may contain one or more agents selected fix)m tiie 
group consisting of sweetening agents, flavoring agents, coloring agents and preserving agents in order to 
provide phanmceutically elegant and palatable preparations. Tablets contain the active ingredient in 
admixture with non-toxic phaimaceutically acceptable excipients which aie suitable for the manufacture 
of tablets. These excipients may be for exanq)le, inert diluents, such as calcium carbonate, sodium 
carbonate, lactose, calcium phosphate or sodium phosphate; granulating and disintegrating agents, for 
example, com starch, or alginic acid; bmding agents, for example starch, gelatin or acacia; and lubricating 
agents, for example magnesium stearate, stearic acid or talc. The tablets may be uncoated or they may be 
coated by known techniques to delay disintegration and absorption in the gastrointestinal tract and 
thereby provide a sustained action over a longer period. For example, a time delay material such as 
glyceryl monostearate or glyceryl distearate may be enq)loyed. They may also be coated by the 
techniques described in the U.S. Patents 4,256,108; 4,166,452; and 4,265,874 to form osmotic therapeutic 
tablets for control release. Oral tablets may also be formulated for immediate release, such as fast melt 
tablets or wafers, rapid dissolve tablets or fast dissolve films. 

Formulations for oral use may also be presented as hard gelatin capsules wherein the 
active ingredient is mixed with an inert solid diluent, for exanq>le, calcium carbonate, calcium phosphate 
or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with water or an oil medium, 
for exanqjle peanut oil, liquid paraffin, or olive oil. 

Aqueous suspensions contain the active materials in admixture wifli excipients suitable 
for the manufacture of aqueous suspensions. Such excipients are suspendmg agents, for example sodium 
carboxymethylcellulose, methylcellulose, hydroxy-propylmethylcellulose, sodium alginate, poly vinyl- 
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pyrrolidone, gum tragacanth and gum acacia; dispersing or wetting agents may be a naturally-occmiing 
phosphatide, for example lecithin, or condensation products of an alkylene oxide with faOy acids, for 
example polyoxyethylene stearate, or condensation products of ethylene oxide with long chain aUphatic 
alcohols, for example heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with 
partial esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or 
condensation products of ethylene oxide with partial estCTS derived from fatty acids and hexitol 
anhydrides, for example polyethylene sorbitan monooleate. The aqueous suspensions may also contain 
one or more preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring 
agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose or saccharin. 

Oily suspensions may be formulated by suspending the active mgredient in a vegetable 
oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid paraffin. 
The oUy suspensions may contain a tWckenmg agent, for example beeswax, hard paraffin or cetyl 
alcohol. Sweetening agents such as those set forth above, and flavoring agents may be added to provide a 
palatable oral preparation. These conipositions may be preserved by the addition of an anti-oxidant such 
as ascorbic add. 

Dispersible powdacs and granules suitable far preparation of an aqueous suspension by 
the addition of water provide the active ingrediait in admbcture wilh a disposing or wetting agent, 
suspendmg agent and one or more preservatives. Suitable dispersing or wettmg agents and suspending 
agraits are exerapKfied by those already mentioned above. Additional excipients, for example 
sweetening, flavoring and colodng agents, may also be present 

The pharmaceutical conqiositions of the invraition may also be in the form of oil-in-water 
emulsions. n»e oUy phase may be a vegetable oSl, for exanaple olive oil or arachis oil, or a mmeral oil, 
for exampls Uquid parafiBn or mixtures of these. Suitable emulsifying agraits may be natotaUy- occurring 
gums, for exanple gum acada or gum tragacanth, naturaUy-occurring phosphatides, for exan5>le soy 
bean, lecithin, and esters or partial estears derived from fatty acids and hexitol anhydrides, for exanqjle 
sorbitan monooleate, and condensation products of the said partial esters with ethylene oxide, for exan^le 
polyoxyethylene sorbitan monooleate. The emulsions may also ccmtain sweetening and flavoring agents. 

Syrups and elixirs may be formulated with sweetening agents, for example glycMol, 
propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a preservative 
and flavoring and coloring agents. 

The pharmaceutical compositions may be in the form of a sterile injectable aqueous or 
oleagenous suspension. This suspension may be formulated according to the known art using those 
suitable dispersmg or wetting agents and suspending agents which have been mentioned above. The 
sterile injectable preparation may also be a sterile injectable solution or suspension in a non-toxic 
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parenterally-acceptable diluent or solvent, for exacaple as a solution in 1,3-butane diol. Among the 
acceptable vehicles and solvents that may be en^loyed are water. Ringer's solution and isotonic sodium 
chloride solution. In addition, sterile, fixed oils are conventionally enq)loyed as a solvent or suspending 
medium. For this purpose any bland jBxed oil may be ena5)loyed including synthetic mono- or 
diglycOTdes. In addition, fatty acids such as oleic acid iBnd use in the preparation of injectables. 

The confounds of the present invention may also be administered in the form of 
suppositories for rectal administration of the drug. These con^ositions can be prepared by mixing the 
drug with a suitable non-irritating excipient which is solid at ordinary temperatures but liquid at the rectal 
tenc?)erature and will therefore melt in the rectum to release the drug. Such materials are cocoa butter and 
polyethylene glycols. 

For topical use, creams, ointments, jellies, solutions or suspensions, etc., containing the 
compounds of the present invention are en:q)loyed. Sinoilarly , transdermal patches may also be used for 
topical administration. 

The pharmaceutical conqposition and method of the present invention may further 
comprise other therapeutically active compounds as noted herein which are usually applied in the 
treatment of the above nientioned pathological conditions. 

In the treatment, prevention, control, amelioration, or reduction of risk of conditions 
which require antagonism of CGRP receptor activity an appropriate dosage level will generally be about 
0.01 to 500 mg per kg patient body weight per day which can be administered m single or multiple doses. 
A suitable dosage level may be about 0.0 1 to 250 mg/kg per day, about 0.05 to 100 mg/kg per day, or 
about 0.1 to 50 mg/kg per day. Within this range the dosage may be 0.05 to 0.5, 0.5 to 5 or 5 to 50 mg/kg 
per day. For oral administratibn, the conqpositions are may be provided in the form of tablets contahiing 
1.0 to 1000 milligrams of the active ingredient, particularly 1.0, 5.0, 10.0, 15.0. 20.0, 25.0, 50.0, 75.0, 
100.0. 150.0, 200.0, 250.0, 300.0, 400.0. 500.0. 600.0. 750.0, 800.0, 900.0, and 1000.0 milligrams of the 
active ingredient for the symptomatic adjustment of the dosage to the patient to be treated. The 
confounds may be administered on a regimen of 1 to 4 times per day, or may be administered once or 
twice per day. 

When treating, preventing, controlling, amelioratmg, or reducing the risk of headache, 
migraine, cluster headache, or other diseases for which compounds of the present invention are indicated, 
generally satisfactory results are obtained when the compounds of the present invention are administered 
at a daily dosage of from about 0.1 milligram to about 100 milligram per kilogram of annual body weight, 
given as a single daily dose or in divided doses two to six times a day, or in sustained release form. For 
most large mammals, the total daily dosage is from about 1.0 milligrams to about 1000 milligrams, or 
from about 1 milligrams to about 50 milligrams. la the case of a 70 kg adult human, the total daily dose 
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will generally be from about 7 milligrams to about 350 xnilligrams. Hiis dosage legimen may be adjusted 
to provide the optima] therapeutic response. 

It will be understood; however, that the specific dose level and frequency of dosage for 
any particular patient may be varied and will depend upon a variety of factors including the activity of the 
specific compound employed, the metabolic stability and lengdi of action of that con?)ound, the age, 
body weight, general health, sex, diet, mode and time of administration, rate of excretion, drug 
combiiiatioa, the severity of the particular condition, and the host undergoing therapy. 

Several methods for preparing the con5)ounds of this invention are illustrated in the 
following Schemes and Exanoples. Starting materials are made accordmg to procedures known in the art 
or as illustrated b^ia. 

The caaspomds of the preset invration can be prepared readily accoiding to the 
foUowing Schemes and specific exaii5>les, or modifications thereof, using readily available starting 
materials, reagents and conventional synthesis procedures. In these reactions, it is also possible to make 
use of variants which are themselves known to those of ordinaiy skifl in this art but are not mentioned in 
greater detail. The general procedures for makmg the compounds claimed in this invention can be readily 
understood and appreciated by one skilled in tiie art from viewing the following Schemes. 

The synth^is of the lactams and 4-heteroaiylpq)eridine intermediates may be conducted 
as described in Schemes 1-15. 

REACTION SCHEMES 

The preparation of final conqjounds proceeds through intermediates such as those of 
Formula EDI and Formula IV, and the synthesis of eadi intennediate is described herran. 
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In general, intermediates of the Formulae HI and IV can be coupled through a urea 
linkage as shown in Scheme 1. Amine intermediate 1 can be converted to a reactive carbamate, for 
example p-nitrophenylcarbamate 2, which is subsequently reacted v^dth an amine like that of intermediate 
3 to produce urea 4. Other activated intermediates known to those skilled in the art can be used to 
5 prepare compounds like 4. For example, amine 1 can be directly acylated with the appropriate carbamoyl 
chloride. 



SCHEME 1 




4 



The synthesis of compounds represented by 3 can be accomplished by procedures similar 
to those described in US 6.344,449 and references cited theiem. 

Additionally, the synthesis of compounds represented by 11 can be accomplished 
according to Scheme 2. For example, a 4-piperidinone 5 can be reductively aminated with a carbazate 
which, after reduction of hydrazone 6, gives the monalkylated product 7. Deprotection to afford 
hydrazine 8 and condensation / ring closure with a benzothioyl carbamate such as 9 furnishes triazolinone 
10. Final deprotection under standard conditions gives the product 11. 
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SCHEME 2 



FmocN )=0 EtOH / \ NHBoc 

VlV FmocN >=N 

I, HoN-NHBoc VL/ 



5 



I3 H,N-NHBoo 

Fr 45 psi H2 

6 





5 Commercially available lactam 12 can be selectively alkylated with a variety of 

electrophiles such as allcyl bromides to give amide 13 (Scheme 3). Removal of the protective group 
under acidic conditions a£Fords amines of the general foimula 14. 
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SCHEMES 




5 Lactam 15 (Scheme 4) can be prepared according to koown procedures (J. Med. Chem., 

1988, 31, 422-428). After bromination and displacement with sodium azide, hydrogenation under 
standard conditions yields amine 18. Protection of the primary amine aUows for selective alkylation of 
the amide nitrogen with various electrophiles, for example alkyl bromides, and deprotection and of the 
primary amine can be accomplished under acidic conditions, affording compounds of the general formula 
10 21. 
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SCHEME 4 




Lactam 22 can be prepared according to known procedures (J. Med. Chem., 1988, 31, 
422-428) (Scheme S). Using sodium hydride as the base, the amide can be alkylated with various 
electrophiles such as aSkyl bromides. Bromination with phosphorus pentachloride and liquid bromine 
gives the corresponding bromide 24, which is reacted with sodium azide and finally reduced under 
standard hydrogenation conditions, yielding amine con[q>ounds of the general formula 26. 
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SCBEME5 




Alternatively, caprolactams can be assembled following an olefin metathesis strategy as 
outlined in Scheme 6. 2,4-Dimethoxybenzylamine hydrochloride is alkylated with 2,3-dibromopropene 
under mild basic conditions to give amine 28. (27?)-2-{[(benzyloxy)carbonyl]amino}pent-4^noic acid 

29, prepared in one step from commercially available D-allyl glycine according to known procedures (J. 
10 Chem. Soc, 1962, 3963-3968), can be coupled to amine 28 under a variety of conditions to give amide 

30. A variety of transition metal catalyzed cross couplings can be performed on the vinyl bromide, for 
exan:5)le palladium-mediated arylations with phenylboronic acids and sodium carbonate, yielding styrene 
derivative 31. Ring-closing metathesis occurs in the presence of the Grubbs second generation ruthenium 
catalyst in dichloromethane vrith mild heating to afford lactam 32. Removal of the dimethoxybenzyl 

15 group and hydrogenation with in situ protection of the primary amine gives the corresponding saturated 
lactam 34. After selective alkylation of the amide nitrogen with various electrophiles such as alkyl 
bromides, deprotection under acidic conditions yields compounds of the geneial formula 36. 
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SCHEME 6 
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Variation at the 6-position of the caprolactams can be introduced by employing a similar 
strategy (Scheme 7). Ring-closing metathesis can be perfonned directly on vinyl bromide 30 using the 
Grubbs second generation radiemum catalyst to give cyclic vinyl bromide 37. Removal of the . 
dimethoxybenzyl group and pafladium-mediated cross coupling, in this case with a boronic acid, 
furnishes compounds of the general formula 39. The ti^formation of 38 to 39 is not limited to boronic 
acid derivatives. After standard hydrogenation, the amide nitrogen can be selectively alkylated with 
various electrophiles, for exai^ple alkyl bromides, using sodium hydride as base. Deprotection yields 
lactams of the general foonula 42. 



10 
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SCHEME? 



MeO^^^fS?-^ >OMe 




^ 30 



TFA 



R2 



)""'NHCbz 



39 



R^Br 



NaH, DMF pa 



Grubbs li Ru cat 
CH2CI2, 40 °C 



NHCbz 



OMe 

> NHCbz 

37 



CH2CI2 Br^'^s— 
38 



'"NHCbz 



R2B(0H)2, NagCOg, Pcl(0Ac)2 
(m-NaS03ph)3P, DMF/H2O, 80 "C 



H2. Pd/C 



B0C2O, PhMe/MeOH pgA^,^ 

40 



"NHBoc 




TFA 



•"•NHBoc 



CHi 



42 



Mes' 



CIO 



Grubbs 11 = ^""^^^-^^j 



cr I 



The 5-phenyl-3-aimno caprolactam derivatives are prepared according to Scheme 8, 4- 
Phenylcyclohexanone (or substituted derivatives) can be reacted with alkyl and aryl azides in the presence 
of titanium(IV) chloride to give the corresponding lactams 44, following known general procedures (J. 
Am. Chem Soc., 2000, 122, 7226-7232). Bromination with phosphorus pentachloride and elemental 
bromine gives the alkyl bromide 45, which is reacted with sodium azide and then reduced under standard 
hydrogenation conditions, yielding lactams of the general formula 47. 
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SCBDEME8 




5 The oxazepanones can be prepared according to Scheme 9. (iS)-(-)-Styrene oxide (or 

substituted derivatives) can be opened by reaction with various primary amines in isopropanol solvent to 
afford the corresponding anoino alcohols 49. Selective iV-protection followed by boron trifluoride 
etborate catalyzed aziridine opening of 51 (prepared according to known procedures: J. Chem. Soc, 
Perkins Trans. 1, 1994, 7, 807-816) provides ether 52. Hydrolysis of the methyl ester, selective amine 
10 deprotection, and amide bond formation with diphenylphosphoryl azide gives 54, which after standard 
hydrogenation conditions yields amine 55. 
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Diazepanone analogs of the parent caprolactains are prepared as follows in Scheme 10. 
Michael addition of eihyl 3-aiimiopropanoate hydrochloride to ^anf-D-nitrostyrene (or substituted 
derivatives) and immediate nitro group reduction with acidic zinc suspension gives diamine 57. Selective 
reductive alkylation of the primary amine can be performed with various aldehydes and sodium 
triacetoxyborohydride. Ester hydrolysis and ring closure yields diazepanones 59. After amine protection, 
bromination is accomplished by enolate generation with lithium diisopropylamide and subsequent 
quenching with liquid bromine at low temperatmres. Displacement of the bromide with sodium azide and 
hydrogenation under standard conditions yield amines of the general formula 63. 
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Thiazepanone analogs can be obtained following the strategy outlined in Schenoe 1 1. 
Michael addition of iV-Boc-D-cysteine methyl ester (prepared according to known procedures: 
Tetrahedron Asymmetry, 1997, 8, 1453-1466) to franj-D-nitrostyrene (or substituted derivatives) gives 
thioether 65. Reduction of the nitro group can be acco3a[^)lished with hydrogen and palladium on carbon 
5 at high pressure. The corresponding amine 66 can be reductively alkylated with various aldehydes and 
sodium cyanoborohydride to the appropriate secondary amines 67. Ester hydrolysis, ring closure widi 
diphenylphosphoryl azide, and deprotection under acidic conditions gives lactams of the general formula 
69. 

SCHEME 11 

10 




-51- 



wo 2005/072308 



PCT/US2005/002199 



Alkyl substituted caprolactams 42 can be condensed with benzaldehyde to fonn the imine 
m the presence of magnesium sulfate (Scheme 12). Deprotonation with lithium bis(trimethylsilyl)amide, 
follwed by quenching with electrophiles, for exan:q)le alkyl bromides, and acid catalyzed imme hydrolysis 
gives substituted caprolactams of the general formula 71. 



SCEDEME12 




71 



The 3-aeetyl caprolactam derivatives can be prepared as outlined in Scheme 13. Lactam • 
22 (prepared according to known procedures: J. Med. Chem., 1988, 31, 422-428) can be alkylated 
selectively at the amide nitrogen with a variety of electrophiles, such as alkyl bromides, using sodium 
hydride as base. C-alkylation is achieved by generation of the enolate with Uthium diisopropylamide 
followed by quenching with fgrt-butyl bromoacetate, giving ester 72. Deprotection of the carboxyl group 
is accomplished with trifluoroacetic acid Coupling of the resultant carboxylic acid with amine 3 under 
standard conditions affords 3-acelyl lactams of the general formula 74. 
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SCHEME 13 




5 Aminopyrrolidinones such as 80 can be prepared as in Scheme 14. Friedel-crafts 

acylation of a benzene derivative with anhydride 75 produces an acid such as 76, which can be coupled 
with amines to gives amides such as 77. Cyclodehydration and double-bond reduction affords the 
pyrrolidinones 79. Final deprotection with base furnishes aminopyrrolidinones 8. 
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The pipendincmes can be assonbled following tbe strategy in Scheme 15. 
Hydrogenation of 3-nitrq)yridinone followed by protection of the amino group as its benzyl carbamate 
affords 83. Regioselective iodination followed by nitrogen angulation with an electrophUe such as an 
alkyl bromide gives 85. A variety of transition metal catalyzed cross coupling can be performed on the 
aryl iodide, for txzxnple palladium-mediated aiylations with phenylboronic acids and sodium carbonate, 
yield Waryl derivatives 86. Deprotection of the ben2yl carbamate and reduction of the pyridmone ring 
yields piperidmones of the genoal foimula 87. 



-54- 



wo 2005/072308 



PCT/US2005/002199 



SCHEME 15 




In some cases the final product may be further modified, for example, by manipulation of 
substituents. These manipulations may include, but are not limited to, reduction, oxidation, alkylation, 
acylation, and hydrolysis reactions which are commonly known to those skilled in the art 

Jn some cases the order of carrying out the foregoing reaction schemes may be varied to 
facilitate the reaction or to avoid unwanted reaction products. The following examples are provided so 
that the mvention might be more fully understood. These exanq)les are illustrative only and should not be 
construed as limiting the invention m any way. 
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EXAMPLES 

In some cases the order of carrying out the foregomg reaction schemes may be varied to 
facilitate the reaction or to avoid unwanted reaction products. The following examples are provided so 
that the invention might be more fully understood. These examples are illustrative only and should not be 
construed as limiting the invention in any way. 



INTERMEDIATE 1 




f^ff,7/?)-^>ATniTi o-l-fcvcloDroDvhnethvlV7-phenvla2eDan>2-one 
Step A: 3-Bromo-7-phenvlazepan-2-one 

Phosphorus pentachloride (4.95 g, 23.8 mmol) was added to a solution of 7- 
phenyla2epan-2-one (4.50 g, 23.8 mmol) in dichloromethane (75 mL) at 0 **C. After 1 h, iodine (0.060 g, 
0.24 mamol) and a solution of bromine (1.22 mL, 23.8 nomol) in dichloromethane (10 mL) were added 
sequentially and the mixture was allowed to warm to ambient ten^eiature. After 1.5 h, the reaction was 
quenched with aqueous sodium sulfite. The mixture was extracted wifli dichloromethane (3x), and the 
combined organic extracts were dried over magnesium sulfate, filtered, and concentrated. Purification by 
silica gel chromatography (10% ethyl acetate/ hexanes 50% ethyl acetate/ hexanes) gave the title 
con[5)ound (4.91 g). MS 268 (M+1). 

Step B: f3jg.7JgV3-Azido-7-phenvlazepan-2-one and f3.?.7ST-3-Azido-7-phenvlazepan-2-one 

Sodium azide (8.73 g, 134 nmiol) was added to a solution of 3-brorao-7-phenylazepan-2- 
one in iV,A^-dimethylfonnamide (40 mL) and the mixture heated to 60 After 2 h the reaction was 
allowed to cool to ambient temperature, concentrated, and diluted with water. The mixture was extracted 
with ethyl acetate, and the organic layer was washed with water (3x) and saturated brine, dried over 
magnesium sulfate, filtered, and concentrated. Purification by silica gel chromatography (30% ethyl 
acetate/ hexanes — > 50% ethyl acetate/ hexanes) gave the racemic cis and trans compounds. The cis 
enantiomers were separated on a Chrralpak AD column eluting with 100% methanol to give the tifle 
compounds, enantiomer A (1.09 g) and enantiomer B (1.06 g). MS 231 (M+1). 
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Step C: tert-Butvl (37g.7j?)-2-oxo-7-pheDvlazq)aTi-3«-Y lcarhamatft 

10% palladium on carbon (0.90 g) was added to a solution of (3/?,7/?>3-azido-7- 
pheiiylazepan-2-one (0.89 g, 3.87 mmol) in ethanol (10 mL). The reaction vessel was evacuated and 
back-filled with nitrogen (3x), then back-filled with hydrogen (1 atm). After 18 h, the mixture was 
filtered and concentrated. Triethylamine (0.61 mL, 4.41 mmol) was added to a solution of the crude 
amine and di-tert-hutyl dicarbonate (0.96 g, 4.41 mmol) in dichloromethane (20 mL). After 1 h, the 
mixture was concentrated. Purification by silica gel chromatography (100% dichloron^thane 95% 
dichloromethane/ methanol) gave the title compound (0.79 g). 

Step D: tert-Butvl f3ig.7j?)-l-fcvclopropvhnethvlV2-K3xo-7-phenvlazepan-3-vlcarbamate 

Sodium hydride (60% dispersion in mineral oil; 14.4 mg, 0.36 mmol) was added to a 
solution of tert'hutyl (3i?,7/?)-2-oxo-7-phenylazepan-3-ylcarbamate (100 mg, 0.33 mmol) and 
cyclopropyhnethyl bromide (0.08 mL, 0.82 mmol) in A^,iV-dimethylfomiamide (1 mL) at 0 DC, and the 
naixture was allowed to warm to ambient temperature. After 6 h, the reaction was quenched with water 
and the mixture was extracted with ethyl acetate. The organic layer was washed with water (3x), 
saturated brine, dried over magnesium sulfate, filtered and concentrated. Purification by silica gel 
chromatography (10% ethyl acetate/ hexanes 50% ethyl acetate/ hexanes) gave the title compound (82 
mg).MS359(M+l). 

Step E: f3j? -7/?V^-Aminn-1-(nvrln propvhnedivlV7-phenvla2epan-2-one 

TrifluQToacetic acid (2.5 mL) was added to a solution tert-hutyl (3i?,7if)-l- 
(cyclopropylmethyl)-2-oxo-7-phenyla2epan-3-ylcarbamate (82 mg, 0.23 mmol) in dichloromethane (5 
noL). After 1 h, the nodxtuie was concentrated and aqueous saturated sodium bicarbonate was added. The 
mixture was extracted with dichloromethane (2x), and the combined organic extracts were dried over 
magnesium sulfate, filtered, and concentrated to give the title compound (53 mg). NMR (500 MHz, 
CDQa) □ 7.40-7.37 (m, 2H), 7.34-7.31 (m, 3H), 4.97 (dd, J = 9.3. 3.7 Hz, IH), 4.05 (dd, J = 9.8, 4.2 Hz, 
IH), 3.24 (dd,/= 14.4, 7.1 Hz, IH), 2.69 (dd, /= 14.2, 7.1 Hz, IH), 2.16-2.10 (m, 2H), 2.03-1.97 (m, 
IH), 1.92-1.85 (m, 2H). 1.65-1.56 (m, IH), 0.69-0.63 (m, IH), 0.34-0.23 (m, 2H), 0.09-0.04 (m, IH), - 
0.10-0.15 (m, IH). 
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INTERMEDIATE 2 

A 



( o 




(35JiSV3"AimnO'l-(cvclopropvliDethvlV7--pheDvlazepaD-2H3iie 
5 Step A: tert-Butwl f35'.75)-2-oxo-7-phenvlazepan-3-vlcarbainate 

10% palladium on carbon (95 mg) was added to a solution (3S,7S)-3-azido-7- 
phenylazepan-2-one (954 mg, 4.14 mmol) in ethanol (10 mL). The reaction vessel was evacuated and 
back-filled with nitrogen (3x), then back-filled with hydrogen (1 atm). After 18 h, the mixture was 
filtered and concentrated. Triethylamine (0.64 mL, 4.6 mmol) was added to a solution of the crude amine 
10 and di-tert-butyl dicarbonate (1.0 g, 4.6 mmol) in dichloromethane (20 mL). After 1 h, the mixture was 
concentrated. Purification by silica gel chromatography (99% dichloromethane 95% dichloromethane/ 
methanol) gave the title confound (983 mg). 

StepB: tert-Bntvl f3S.7gVl-fcvclopropvhnethvlV2-oxo-7-phenvlazepan-3-vlcarbamate 
15 Sodium hydride (60% dispersion in mineral oil; 20.6 mg, 0.52 mmol) was added to a 

solution of tert-hxstyl (3«S,7S)-2-oxo-7-phenylazepan-3-ylcarbamate (143 mg, 0.47 mmol) and 
cyclopropylmethyl bromide (0.11 mL, 1.18 mmol) in iVJV-<liniethylfornianQide (1 noL) at 0 DC, and the 
mixture was allowed to warm to ambient tenq)erature. After 14 h, the reaction was quenched with water 
and the mixture was extracted with ethyl acetate. The organic layer was washed with water (3x), 
20 saturated brine, dried over magnesium sulfate, filtered and concentrated. Purification by silica gel 
chromatography (10% ethyl acetate/ hexanes 30% ethyl acetate/ hexanes) gave the title conq)ound 
(144nig).MS359(M+l). 

Step C: G5>7S)-3-AnunO"l"(cv c1nprnpYlTn ethvlV7-phenvlazepan-2-one 
25 Trifluoroacetic acid (2.5 mL) was added to a solution tert-hnty] (35,75)-!- 

(cyclopropylmethyl)-2-oxo-7-phenylazepan-3-ylcarbamate (144.1 mg, 0.40 mmnl) in dichloromethane (5 
mL). After 1 h, the mixture was concentrated and aqueous saturated sodium bicarbonate was added. The 
mixture was extracted with dichloromethane (2x), and the combined organic extracts were dried over 
magnesium sulfate, filtered, and concentrated to give the title compound (1 10 mg). 

30 
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Essmdally following the pioceduies outlined for the {oeparation of Intennediate 2, the IntenDediate m 
Table 1 was prepaied. 

TABLE 1 

5 



Intennediate 


Structure 


MS (M+1) 


3 




318.4 



INTERMEDIATE 4 




Gj?>65^~3-Anuno-l-(cvclopropvlmethvlV6"phenvlazepaii-2-<>ne 
Step A: l-(Cvclopropvlmethvl)-6-phenvlazepan-2-one 

Sodium hydride (60% dispersion in xoineral oil; 0.793 g, 19.8 mmol) was added to a 
solution of 6-phenyIazepan-2-one (2.50g, 13.2 nraiol) and cyclopropylmethyl bromide (1.92 mL, 19.8 
15 mmol) in 7V,N-dimethylfonnamide (30 mL) at 0 and then warmed to ambient temperature. After 18 h 
the mixture was quenched with water and extracted with ethyl acetate. The organic layer was washed 
with water (3x) and saturated brine, dried over magnesium sulfate, filtered, and concentrated. 
Purification by silica gel chromatography (1% methanol/ dichloromethane 5% methanol/ 
dichloromethane) gave the tide compound (2,33 g). MS 244 (M+1). 
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Step B: 3-Aiiiir io-l -(cyc1 oprDpvliDethvIV6-pheDvla2epaD-2'-ODe 

Phosphorus pentachloride(1.99 g, 9.57 mmol) was added to a solution of 1- 
(cyclopropylmethyl)-6-phenylazepan-2-one (2.33 g, 9.57 mmol) in dichloromethane (55 mL) at 0 ^C. 
5 After 1 h, iodine (0.024 g, 0.096 mmol) and a solution of bromine (0.49 mL, 9.57 nomol) in 

dichloromethane (5 mL) were added sequentially and the mixture was allowed to warm to ambient 
temperatiire. After 18 h, the reaction was quenched with aqueous sodium sulfite. The mixture was 
extracted with dichloromethane (3x), and the combined organic extracts were dried over magnesimn 
sulfate, filtered, and concentrated. Sodiimai azide (5.60 g, 86.2 mmol) was added to a solution of the crude 

10 bromide in //,//-dimethylformamide (50 mL) and the mixture heated to 50° C. After 4 h, the reaction was 
allowed to cool to ambient temperature, concentrated, and diluted with water. The mixture was extracted 
with ethyl acetate, washed with water (3x) and saturated brine, dried over magnesium sulfate, filtered, 
and concenttated. 10% palladium on carbon (0.50 g) was added to a solution of the crude azide in 
ethanol (50 mL). The reaction vessel was evacuated and back-filled with nitrogen (3x), then back-filled 

15 with hydrogen (1 atm). After 18 h, the mixture was filtered and concentrated. Purification by silica gel 
chromatography [100% dichloromethane — > 95% dichloromethane/ (10% ammonium hydroxide/ 
methanol)] gave the racemic amine. MS 259 (M+1). 

Step C: GJg.6S) -3-Amfnn- l-fcvclopropvlmethyn-6-phenvlazepan-2"One 

20 The cis and trans enantiomers were both separated using a Chiralcel OD column eluting 

with 5% 2^ropanol/ 90% (hexanes with 0.1% diethyl amine)/ 5% methanol to give the title compound 
(247 mg). MS 259 (M+1). NMR (500 MHz. CDQa) □ 7.34 (t, 7 = 7.6 Hz, 2H), 7.26-7.23 (m, IH), 
7.17 (d, J=7.6Hz,2H), 3.86-3.81 (ni,2H), 3.62 (dd,/= 13.9, 6.8 Hz, IH), 3.32(d,/=lLl Hz, IH), 
3.08 (dd, J = 13.9, 7.3 Hz, IH), 2.79-2.74 (m, IH), IM-lAl (m, IH), 2.02-1.97 (m, 2H), 1.77-1.67 (m. 

25 IH), 1.03-0.99 (m, IH), 0.55-0.49 (m, 2H). 0.28-0.25 (m. 2H). 
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INTERMEDIATES 




Racemic 



5 tert-Butvl (2S.6R and 2R.6S)^'d rnmr^-(^c.yc\\nprnpY^me^thy\^^^ 
carboxvlate 

Step A: Ethvl 3-rf2-amm(>l-phenvlethvl)aBiiDo1propaiioate 

rrofty-D-Nitrostyrene (4.04 g, 27.1 nnnol) was added to a solution of ethyl 3- 
aminopropanoate hydrochloride (4.16 g, 27.1 mmol), and AT^-diisopropylethylamine (9.43 mL, 54.2 

10 mmol) in acetonitrile (70 mL). After 15 min, anhydrous hydrochloric acid gas was bubbled into the 
solution until acidic. The mixture was concentrated, redissoved in ethanol (60 mL) and aqueous 
hydrochloric acid (12 M; 30 mL), and cooled to 0 ^C. Zinc dust (8.80 g, 134 nunol) was added m 
portions over 5 min. After OS h, the mixture was concentrated to remove ethanol and saturated aqueous 
sodium carbonate was added. The mixture was extracted witti dichloromethane (3x), and the combined 

IS organic extracts were dried over magnesium sulfate, filtered and concentrated to give the title compound 
(9.5 g).MS237(M+l). 

Step B: Ethvl N-i 2-rfcVclopropYhnethv1) aTni Tin]-l -p hen yletfavl 1-bf ta-a1anmatft 

A mixture of ethyl 3-[(2-amino-l-phenylethyl)amino]propanoate (6,38 g, 27.0 mmol), 
20 magnesium sulfate (10 g, 83.1 mmol), and cyclopropanecarboxaldehyde (2.02 mL, 27.2 mmol) in 

dichloroethane (200 mL) was adjusted to pH 6 with acetic acid. After 1 h, sodium triacetoxyborohydride 
(5.72 g, 27.0 mmol) was added. After an additional 30 nun, saturated aqueous sodium bicarbonate was 
added and ±e mixture was extracted with dichloromethane (3x). The combined organic extracts were 
dried over magnesium sulfate, filtered, and concentrated. Purification by silica gel chromatography 
25 [100% dichloromethane -> 95% dichloromethane/ 5% (10% anamonium hydroxide/ methanol)] gave the 
title compound (3.14 g). MS 291 (M+1). 
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10 



15 



20 



25 



)0 



gtep C: 4^CYclopropYlmefhvn -l-phenvl-l 4.^^.,.^.^ < 

Sodium hydroxide (IM; 6.53 mL. 6.53 nunol) was added to a solution of ethyl N-fl- 
»opyln.thyl)anuno]-l-pheny^^ (1-81 g. 6.22 n^oi) in methanol (10 mL) 

1 h, the mixture was concentrated and azeotroped with toluene (3x) to give the crude acid 
Diphenylphosph^yl azide (2.68 ml. 12.43 mmol) was added to a solution of the crude acid (1 77 g 6 22 
mmol) and 4-methylmoxpholine (1.37 mL, 12.4 mmol) in Ar.A^-dimethylformamide (124 mL). After' 18 h 
thereac.^ was concen^ted and diluted with water. Themixtur^ 
(3x) and the combmed organic ext^^ts were dried over magnesium sulf^^^ 

Punfication by sihca gel chroniatography flOO* dichloromethane ^ 90% dichloromethane/ 10% (10% 
— hyd^xide/n.^^^^^ 

^Tw IV^ ^' ^ 3.31-3.26 (m. IH). 3.24- 

3^1 im, IH). 3.02-2.93 (n. 3H). 2.70-2.65 (^ IH). 1.02^.97 (n. IH). 0.58^.49 (m, 2H). 0.28^21 (m, 

$tgp D: ten^^xyty\ 4-(cY9lopmpvlTT>.thv1V5.nvn.7.p h^y^-1 aa^,^,., ^..u....... 

Tri«*yl«n^e(0.53mL.3.79inmol)wasaddedtoasolutionof^^^^^^ 
2-phenyl-1.4-d.azepan-5-one (0.925 g,3.79mmol) and di-..^^^^^^ 

d:chIoromethane(20mL). Aflo- 18 h. the mixtun, was diluted with water. The mixture was extracted • 
with dxchloromethane. washed with saturated hrine. dried over magnesium sulfete. filtered, and 
concentrated. Purification by silica gel chromatography (100% dichloromethane 95% 
drchloromedmie/ methanol) gave the title compound (1.38 g). MS 345 (M+1). 

■ StepE: rm-Bntvl 6-bromo^-(cYclnrronvWfhvn.5-n.n-.-p K.„,._. . diazen...-1^,,w,.... 

^^*^"°^'*^^^°Pyl^de(l Min TOP; 2.13 mL. 2.13 mmol) was added to rm-butyl 4- 
(cyclopropyhnethyI>5^xo-2-phenyl-l,4^a2epane-l-carboxylate (0.489 g. 1.42 mmol) in 

tetrahydrofman(5mL)at-78°C. After 30 min. the enolate solution was transferred ^^^^ 
ca^.^toasolutionofbromine(0.36mL,7.10mmol)intetrahydro^ 

of 5 mm. After 15 min. the mixture was quenched with aqueous saturat«l sodium sulfite and aUowed to 
warm to ambient temperature. The mixture was extracted with ethyl acetate, washed with saturated 
aqueous sodium bicarbonate and saturated brine, dried over magnesium sulfate, filtered, and 
concentrated. MS 423 (M+1). 
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Step F: cis and trans rgrr-Butvl-6'azido-4'fcvclopropvlinetlivlVS-oxO"2'ph^ 
caifaoxvlate 

Sodium azide (0.841 g, 12.9 mmol) was added to a solution of tert-hutyl 6-bromo-4- 
(cyclopropylinethyl)-5-oxo-2-phenyl-l,4-diazepane-l-carboxylate (0.609 g, 1.43 mmol) in iV^- 
5 dimethylforamide (10 mL) and heated to 70 °C. After 1 h, the mixture was allowed to cool to ambient 
temperature and water was added. The mixture was extracted with ethyl acetate, washed with water (3x), 
saturated brine, dried over magnesium sulfate, filtered, and concentrated. Purification by silica gel 
chromatography (20% ethyl acetate/ hexanes 50% ethyl acetate/ hexanes) gave 170 mg of the trans 
isomer and 24 mg of the cis isomer. MS 386 (M+1). 

10 

Step G: tert-Bxxtvl (2R.6Sm6 9.?,^/?)-^aTTiiTin.4>(cvc lopropvlmethvlV5-oxo-2-phenvl-L4 -diazep^^ 
carboxviate 

10% palladium on carbon (45.5 mg) was added to a solution of trans /ert-butyl-6-azido- 
4-(cyclopropyknethyl)-5-oxo-2-phenyH,4-diazepane-l-carboxylate (165 mg, 0.428 mmol) in ethanol (15 
15 mL). The reaction vessel was evacuated and back-filled with nitrogen (3x), then back-filled with 

hydrogen (1 atm). After 3 h, the mixture was filtered and concmtrated to give the title conq)ound (154 
mg).MS360 (M+1). 

INTERMEDIATE 5a 

20 




Racemic 



fg/t-Butvl (2S.6S and 2/?,6jR)-6-amino-4-fcvclopropvhnethvn-5-oxo-2-phenvM.4-diazepane-l- 
25 carboxviate 

10% palladium on carbon (24 mg) was added to a solution of is cw-butyl-6-azido-4- 
(cyclopropylmethyl)-5-oxo-2-phenyl-l,4-diazepane-l-carboxylate (24 mg, 0.062 mmol) in ethanol (5 
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mL). The reaction vessel was evacuated and back-filled with nitrogen (3x), then back-jaUed with 
hydrogen (1 atm). After 4 h, the noixture was filtered and concentrated to give the title compound (22 
nig).MS360(M+l). 

INTERMEDIATE 6 




f25,6jg)-6-AniiDO-4-fcvclopropvlmethylV2-phenvl-l,4-oxa2epan-5-one 
10 Step A: tert-Butvl cvclopropvlmethvl[(2?)-2-hvdroxv-2-phenvlethvncarbarQate 

(iS)-Styrene oxide (4.83 g, 40.3 nnnol) and cycloprop'anemethylamine (4.00 g, 56.4 
nunol) were dissolved in isopropyl alcohol (100 mL) and heated to reflux. After 8 h, the reaction was 
allowed to cool to ambient ten^erature and concentrated. Triethylanome (5.61 inL, 40.3 mmol) was 
added to a solution of the crude amine and di-tert-hixtyl dicarbonate (8.78 g, 40.3 mmol) in 
15 dichloromethane (100 mL). After 18 h, water was added, and the mixture was extracted with ethyl 
acetate. The organic layer was washed with brine, dried over magnesium sulfate, filtered and 
concentrated. Purification by silica gel chromatography (5% ethyl acetate/ hexanes 20% ethyl acetate/ 
hexanes) gave the tide conq)ound (5.48 g). 

20 Step B: Methvl iV-rfl?enzvloxv')carbQnvlVO-f f l.S^-2-rftert-butoxvcarfaonviycvclopropvl^ 

phenvlethvll-D-serinate 

Boron trifluoride diethyl etherate (0. 10 mL, 0.84 mmol) was added to a solution of tert- 

butyl cyclopropyhnethyl[(25)-2-hydroxy-2-phenylethyl]carbamate (2:45 g, 8.39 mmol) and 1-benzyl 2- 

methyl (2/?)-aziTidine-l,2-dicarboxylate (1.97 g, 8.39 nomol) in chloroform (20 mL). After 3 h, die 
25 reaction was concentrated. Purification by silica gel chromatography (100% hexanes 30% ethyl 

acetate/ hexanes) gave the titie conq)Ound (1.21 g). 
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Stsp C: N-rrBenzvloxv^arbonvn-O-f f lSV2-rftert-butoxvcarbonvn (cyclopropvlmftthyDaminoM' 
phenvletfavl 1-D-serine 

Aqueous sodium hydroxide (1 M; 3.81 mL, 3.81 mmol) was added to a solution of 
methyl jS^[(ben2yloxy)carbonyl]-0-{ (15)-2-[(tert-butoxycarbonyl)(cyclopropylm^ 
5 phenylethyll-D-serinate (1.30 g, 2.46 mmol) in tetrahydrofuran (20 mL). After 18 h, aqueous 
hydrochloric acid (1 M; 3.81 mL, 3.81 mmol) was added. The mixture was extracted with 
dichloromethane (3x), and the combined organic extracts were dried over magnesium sulfate, filtered, and 
concentrated to give the title compound. (1.27 g) MS 535 (M+Na). 

10 StepD: Benzvl f2:y.6i?)-4-fcvclopropvhnethvl)-5K)XO-2>phenvl-L4>oxaze pan-6-vlcarbamate 

Trifluoroacetic acid (5.0 mL) was added to a solution //-[(benzyloxy)carbonyI]-0-{(15)- 
2-[(tert-butoxycarbonyl) (cyclopropylmethyl)amino]-l-phenylethyl}-D-serine (1.27 g, 2.47 mmol) m 
dichloromethane (15 mL). After 2 h, the mixture was concentrated and azeotroped with toluene (3x) to 
give the crude amine. Diphenylphosphoryl azide (1.07 ml, 4.95 mmol) was added to a solution of the 

15 crude amine and 4-mediylmorpholine (0.82 mL, 7.41 mmol) in iVJ^T-dimethylfoimamide (100 mL). After 
18 h, the mixture was concentrated and water was added. The mixture was extracted with ethyl acetate, 
and the organic layer was washed with water (2x) and saturated brine, dried over magnesium sulfate, 
filtered, and concentrated. Purification by silica gel chromatography (5% ethyl acetate/ hexanes 50% 
ethyl acetate/ hexanes) gave the title conq)ound (0.426 g). MS 395 (M+1). 

20 

Rti^p R- (av,fig)-^AnitnQ^-fcvclopropvlmethvlV2-Dhenvl-L4-oxare^ 

10% palladium on carbon (20 mg) was added to a solution (2iS,6/?)-6-amino-4" 
(cyclopropylniethyl)-2-phenyl-l,4-oxazepan-5-one (179 mg, 0.454 mmol) in ethanol (15 mL). The 
reaction vessel was evacuated and back-filled with nitrogen (3x), then back-filled with hydrogen (1 atm). 
25 After 18 h, the mixture was filtered and concentrated to give the title compound (113 mg). MS 261 

(M+1). *HNMR (500 MHz, CDOs) □ 7.40-7.31 (m. 5H). 4.53 (d, J= 8.5 Hz, IH). 4.10-4.03 (m, 2H), 
3.90 (dd, 7= 15.9, 7.1 Hz. IH), 3.80-3.65 (m, 2H), 3.36 (d, 7= 15.9 Hz, IH), 3.03 (dd, 7= 13.9. 6.6 Hz, 
IH), 1.06-1.01 (m, IH), 0.64-0.53 (m, 2H), 0.33-0.25 (m, 2H). 

30 Essentially following the procedures outlmed for the preparation of Intermediate 6, the Intermediates in 
Table 2 were prepared. 
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TABLE 2 



Inteimediate 



Structure 



MS (M+1) 



racemjc 

\ V-NH, 



261.0 




261.0 



INTERMEDIATE 9 




f3j?)-3-ArDino-l-fcvclopropvlmethvDazepan-2-one 
10 Step A: ^g/t-Butvl f3i?Vl-(cvclopropvlmethvlV2-oxoazepan-3-vlcarbamate 

Sodium hydride (60% dispersion in mineral oil; 30 mg, 1.24 mmol) was added to a 
solution tertAMtjX (3/?)-2-oxoazepan-3-ylcarbaraate (258 mg, 1.13 mmol) and cyclopropylmethyl 
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bromide (0.27 mL, 2.83 inmol) in A^^-dimethylfornaaimde (3 mL) at 0 "^C, and the mixture was allowed 
to warm to ambient ten5>erature. After 6 h, the reaction was quenched with water and the rmxture was 
extracted with ethyl acetate. The organic layer was washed with water (3x), saturated brine, dried over 
magnesium sulfate, filtered and concentrated- Purification by silica gel chromatography (100% 
5 dichloromethane -> 5% methanol/ dichloromethane) gave the title con5)ound (257 mg). MS 283 (M+1). 

Step B: (3/g)"3-Amino-l-fcvclopropy lTnftthy1) azepan-2-one 

Trifluoroacetic add (5 mL) was added to a solution oftert-hutyl (32?)-l- 
(cyclopropyhnethyl)-2-oxoazepan-3-ylcarbamate (257 mg, 0.91 mmol) in dichloromethane (10 mL). 
10 After 1 h, the mixture was concentrated and azeotroped with dichloromethane (3x) to give the crude 
amine. 

Essentially foUowing the procedures outlined for the preparation of Ihtennediate 9, the Intermediates iq 
Table 3 were prepared. 

15 



^67- 



wo 2005/072308 



PCT/DS2005/002199 



TABLES 



Meimediate 


Structure 


MS (M+1) 


10 


I )-NH2 


219.0 


11 


1 V'"NH2 


325.1 

1 


12 


Ci 

1 V"'NH2 


219.1 



INTERMEDIATE 13 




ry>-'^-Amjn o-14sobutvl-5--pheDvIpvirolidin-2-one 

Step A: 4<)xo-4-pheDvl-2-rftrifIuoroacetvl)ainiDo1butanoic acid 

A solution of 3-[(trifluoroacetyl)amiiio] succinic anhydride (4.00 g, 19.0 nunol) and 
aluminum chloride (5.56 g, 41.7 nunol) in benzene (80 mL) was refluxed for 5 h, then cooled in an ice 
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bath md quenched by the slow addition of water. The reaction nuxtuie was worked up with ethyl acetate 
and 10% hydrochloric acid. The residue was purified by chromatography (silica gel, 100% methylene 
chloride to 90/10/1/1 methylene chloride/methanol/acetic acid/water gradient elution). Recrystallization 
of the resulting oil from methylene chloride/hexanes produced the title compound as a white solid (3.00 
5 g). IH NMR (500 MHz, (rfg-acetone) □ 11.56 (bs, IH), 8.63 (bs, IH), 8.06 (dd, 7= 8.3, 1.2 Hz, 2H), 

7.70-7.67 (m, IH), 7.57 (t. 7 = 7.7 Hz, 2H), 5.14-5.10 (m, IH), 3.84 (dd, /= 18.3, 6.8 Hz, IH), 3.77 (dd. J 
= 18.1, 4.6 Hz, IH). 

Step B: iV-Isobut:vl-4-oxo-4-pheDvl-2-r(trifluoroacetvnamino1butananiide 

10 A solution of 4-oxo-4-phenyl-2-[(trifluoroacetyI)amino]butanoic acid (3.9 g, 13.5 mmol), 

isobutylamine (2.68 mL, 27.0 mmol), iV-[3-(dimethylamino)propyl]-iV-ethylcarbodiimide hydrochloride 
(5.17 g, 27.0 mmol), m-l,2,3-benzotriazol-lol hydrate (3.64 g, 27.0 mmol), and KN- 
diisopropylethylamine (11.7 mL, 67.4 mmol) was stiired overnight at room temperature in 
dimethylformamide (20 mL). The reaction was worked up with methylene chloride and saturated sodium 

15 bicarbonate. The organic extracts were washed with brine, dried over sodium sulfate, filtered and 

concentrated. Chromatography (silica gel, 0 to 20% ethyl acetate in hexane gradient elution), gave the 
title compound as a yellow solid (1.41 g). MS 345 (M+1). lHlSIMR(500MHz, CDCI3) □ 7.95 (d, J = 

7.3 Hz, 2H), 7.92 (bs, IH), 7.63 (t, /= 7.4 Hz, IH). 7.50 (t, 7 = 7.7 Hz, 2H), 6.86 (bs, IH), 5.02-4.99 (m, 
IH), 3.78 (dd, J ^ 18.3, 2.4 Hz, IH), 3.33 (dd, J = 18.3, 9.0 Hz, IH). 3. 10 (t, J = 6.4 Hz, 2H), 1.8 H.73 
20 (m, IH), 0.88 (d, 6H). 

Step C: 2.2.2-Trifluoro-//-(14sobutvl-2-oxo>5-phenvl-2 i5-dihvdTO- lH-pv^ 

A solution of iV4sobutyl-4K)xo-4-phenyl-2-[(trifluoroacetyl)amino]butanannde (0.500 g, 
1.45 mmol) and acetic acid (0.831 mL, 14.5 mmol) in toluene (15 mL) was heated to reflux. After 48 
25 hours the reaction was cooled and concentrated. The crude product was purified by chromatography 

(silica gel, 0 to 50% ethyl acetate in hexane gradient elution) to give the titie conq)Ound as a solid (0.412 
g). MS 327 (M+1) IH NMR (500 MHz, CDCI3) □ 7.40-7.36 (m, 3H). 7.20 (d, J = 2.0 Hz, IH), 7.12- 

7.11 (m, 2H), 5.12 (d, 7= 2.0 Hz, IH), 3.53 (dd, /= 13.9, 9.4 Hz, IH), 2.61 (dd, J= 13.9, 5.9 Hz, IH), 
1.89-1.80 (m, IH), 0.87 (d, /= 6.6 Hz, 3H), 0.84 (d, 7 = 6.6 Hz, 3H). 

30 

Step D: cis and ^nmj-2.2,2-Trifluoro-A^-f 14sobutvl-2-oxo-5-phenvlpvrroUdin-3-vnacetami^ 

A solution of 2,2,2-trifluoro-/^-(l-isobutyl-2-oxo-5-phenyl-2,5-dihydro«l/?-pyirol-3- 
yl)acetamide (300 mg, 0.919 mmol) and 10% palladium on carbon (50.0 mg) in methanol (6 mL) was 
stirred under a hydrogen balloon. After 2 hours the reaction was filtered through a Cfelite plug and 
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concentrated. The crude product was purified by chromatography (silica gel, 0 to 50% ethyl acetate in 
hexane gradient elution) to give the title compound as a 1.4/1 mixture of cis/trans isomers (300 mg). 
Careful chromatography (silica gel, 0 to 20% ethyl acetate ui hexane gradient elution, then 20 to 50% 
ethyl acetate in hexane gradient elution) allowed for the isolation of a portion of each the cis isomer (2™* 
5 eluting, 150 mg) and the trans isomer (1*^ eluting, 85 mg), along with several mixed fractions. Each 
isomer was earned forward mdividually. cis iH NMR (500 MHz, CDCI3) □ 7.42-7.35 (m, 3H), 7.26- 

7.24 (m, 3H), 4.60 (dd. J = 9.3, 6.2 Hz, IH), 4.53^.48 (m, IH), 3.48 (dd, J = 13.7, 9.8 Hz, IH), 3.21-3. 16 
(m, IH), 2.46 (dd, /= 13.7, 5.6 Hz, IH), 1.88-1.72 (m, 2H), 0.81 (d, J = 6.6 Hz, 3H), 0.78 (d, 7= 6.8 Hz, 
3H); trans iH NMR (500 MHz, CDCI3) □ 7.55 (bs, IH), 7.42-7.38 (m, 2H), 7.36-7.33 (m, IH), 7.13 (d, 

10 J = 7.8 Hz, IH), 4.77 (d, J = 8.8 Hz. IH), 4.57^.52 (m, IH), 3.54 (dd, J = 13.7, 9.3 Hz, IH), 2.68-2.65 
(m, IH), 2.58 (dd, J = 13.7, 5.9 Hz, IH), 2.48-2.41 (m, IH), 1.96-1.88 (m, IH), 0.90 (d, J = 2.2 Hz, 3H), 
0.89 (d, 7 = 2.4 Hz, 3H). 

Step E: ci5-3-Aniino-l-isobutvl-5-phcnvlpvn'olidin«2-one 
15 To a solution of diy-2,2,2-trifluoro-i\Kl-isobutyl-2-oxo-5-phenylpyrrolidin-3- 

yl)acetamide (50.0 mg, 0. 152 mmol) in methanol (3 mL) and water (ImL) was added potassium 
carbonate (63:1 mg, 0.447 mmol). After 27 hours, the reaction solution was concentrated, and worked up 
with methylene chloride and water. The organic extracts were dried over sodium sulfete, filtered and . ^ 
concentrated to produce the title compound (32.7 mg). MS 233 (M+1). 

20 

INTERMEDIATE 13a 




25 /r/»^y-:^-Arphi o-l-isobutvl-5-phenvlpviTolidin-2-one 

To a solution of fra7w-2,2,2-trifluoro-iV-( l-isobutyl-2-oxo-5-phenylpyrrolidin-3- 
yl)acetamide (63.2 mg, 0.192 mmol) in methanol (3 mL) and water (ImL) was added potassium 
carbonate (79.8 mg, 0.578 mmol). After 27 hours, the reaction solution was concentrated and worked up 
with methylene chloride and water. The organic extracts were dried over sodium sulfate, filtered and 

30 concentrated to produce the title compound (44.7 mg). MS 233 (M+1). 
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INTERMEDIATED 




5 

f2iy.6>^-Amino-4-^cvcloprQpv1nifttliYlV^-r henv^ 

Step A: Methvl JV-/fe;t-^butoxvc arbonvl>ny-^2-iiitro-l-Dhenylefc^^^ 

Diisopropylethylamine (3.38 mL, 19.4 mmol) was added to a solution of methyl N-itert- 
butoxycarbonyI)-D-cysteiiiate (3.04 g, 12.9 mmol) and □-frfl/w-nitrostyrene (1.93 g, 12.92 mmol) in 
10 acetonitrile (80 mL). After 15 min, the reaction was concentrated. Purification by silica gel 

chromatography (100% hexanes 30% ethyl acetate/ hexanes) gave the title confound (4.52 g). 

Step B: Methvl 5-^2-aniinO'-l-phenvlethvlVjV"(rgrr-butoxvcarboDvIVD'-cvsteinate 

10% palladium on carbon (3.04 g) was added to a solution of methyl N-{tert- 
15 butoxycarbonyl)-S-(2-nitro-l-phenylethyl)-D-<:ysteinate (LOO g, 2.60 nmiol) in acetic acid (50 mL). The 
reaction vessel was evacuated and back-filled with nitrogen (3x), then back-filled with hydrogen (50 psi). 
After 18 h the mixture was filtered, concentrated, and saturated aqueous sodium carbonate was added. 
The mixture was extracted with dichloromethane (3x), and the combined organic extracts were dried over 
magnesium sulfate, filtered, and concentrated to give the title compound (0.73 g). MS 355 (M+1). 

20 

Step C: Methvl /V-(/grr-butoxvcarbonvlV5-l2-f(cvclopropvlmethy1) am7nn l>l-phenvlethvll-D-cv 

C::yclopropanecarboxaldheyde (104 mg, 1.48 mmol) was added to a solution of methyl S- 
(2-amino-l-phenylethyl)-N-(/erf-butoxycarbonyl)-D-cysteinate (583 mg, 1.65 mmol) m methanol (25 
mL) adjusted to pH 6 with acetic acid. After 15 min, sodium cyanoborohydride (155 mg, 2.47 mmol) 
25 was added. After an additional 1 h, saturated aqueous sodium bicarbonate was added and the mixture 
was extracted with dichlormethane (2x). The combined organic extracts were dried over magnesium 
sulfate, filtered, and concentrated. Purification by silica gel [100% dichloromethane-^ 97% 
dichloromethane/ 3% (10% ammonium hydroxide in methanol)] gave the title compound (305 mg). MS 
409 (M+1). 
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Step D: tert'Butvl f25.65)>4-fcvclopropvlmethvlV5-oxo-2-phenvl-1.4-tbiazepan-^^ 

Lithium hydroxide (63 mg, 1.49 mmol) was added to a solution of methyl N-ffert- 
butoxycarbonyl)-5-{2-[(cyclopropylmethyl)amino]-l-phenylethyI}-D-cysteiiiate (507 mg, 1.24 mmol) in 
5 tetrahydrofuran (10 mL) and water (2 mL). After 1 h, then mixture was concentrated and azeotroped with 
toluene (3x) to give the crude acid. Diphenylphpsphoryl azide (0.53 ml, 2.48 mmol) was added to a 
solution of the crude acid and 4-methylmorpholine (0.20 mL, 1.86 nmiol) in iV,A^-dimethylformanaide (25 
mL). After 4 h, the mixture was concentrated and water was added. The naixture was extracted with 
ethyl acetate, and the organic layer was washed with water (2x) and saturated brine, dried over 
10 magnesium sulfate, filtered, and concentrated. Purification by silica gel chromatography (5% ethyl 
acetate/ hexanes -> 20% ethyl acetate/ hexanes) gave the title con:5)Ound (149 mg). MS 377 (M+1). 

Step E: (2iS.65 ^-6-ATnin n^cvclopropvlmethvl>-2-phenvl-'1.4-thiazepan-5-one 

Trifluoroacetic acid (2.0 mL) was added to a solution of tert-hnXyl (25,65)-4- 
15 (cyclopropylmethyl)-5-oxo-2-phenyH,4-thiazepan-6-ylcarbamate (90 nog, 0.239 mmol) in 

dichloromethane (5 mL). After 1 h, the mixture was concentrated and aqueous saturated sodium 
bicarbonate was added. The mixture was extracted with dichloromethane (2x), and the conobined organic 
extracts were dried over magnesium sulfate, filtered, and concentrated to give the crude product (57 mg). 
NMR (500 MHz, CDCI3) □ 7.38-7.30 (m, 5H,), 4.36-4.28 (m, 2H), 4.06 (d. / = 9.3 Hz, IH), 3.74 (dd, 
20 7 = 14.4, 1.5 Hz, IH). 3.67 (dd. J = 13.9, 7.3 Hz, IH), 3.08 (dd, / = 13.9, 6.6 Hz, IH), 3.00 (dd, J = 14.4, 
9.8 Hz, IH), 2.66 (dd, 7= 14.4, 1.9 Hz, IH), 1.02-0.99 (m, IH), 0.57-0.53 (m, 2H). 0.27-0.23 (m, 2H). 



INTERMEDIATE IS 



25 




f 2.S.6.y)-6-Aniirin-4-/ c yc|Qpropy lmethvIV2-phenvl-L4-thiazepan-5-one 1 , 1-dioxide 
Step A: terr-Butvl f25.631-4-(cv clnp^pYlrn ftthvlVl J-dioxidch5-oxo-2-phenvl-1.4-thia2epan-6- 
vlcarbamate 
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Oxbne (488 mg, 0.80 mmol) was added to a solution of tert-hntyl (25,65)-4- 
(cyclopropylmethyl>5K)xo-2-phenyl-l,4-thiazepaii-6-ylcarbainate (60 mg, 0.16 mmol) in methanol (7.5 
mL) and water (7.5 noL). After 18 h, water was added. The naixture was extracted with ethyl acetate, and 
the organic layer was washed with saturated brine, dried over magnesium sulfate, filtered and 
5 concentrated to give the title conq)ound (63 mg). 

Step B: f2.?,65^-6-'Amino4-(cvclopropvlmethvlV2-phenvM.4-thiazepaD-S-one LlKiioxide 

Trifluoroacetic acid (2.0 mL) was added to a solution of ^err-butyl (25,65)^ 
(cycIopropylmethyl)-l,l-dioxido-5-oxo-2-phenyl-l,4-thia2epan-6-ylcarbamate (63 mg, 0.167 mmol) in 
10 dichloromethane (5 roL). After 1 h, the mixture was concentrated and aqueous saturated sodium 

bicarbonate was added. The mixture was extracted with dichloromethane (2x), and the combined organic 
extracts were dried over magnesium sulfate, filtered, and concentrated to give the crude product (50 mg). 



INTERMEDIATE 16 

15 




3-ATniTio-l- (cvclopropvlmethvl)-5-phenvlpipertdin-2-one 
Step A: 3-Aminopvridin-2f lH>-one 
20 3-Nitropyridm-2(lH>one (1.195 g, 8.53 mmol) and 10% palladium on carbon (0.156 g) 

were stirred in ethanol (30 ml) overnight under hydrogen atmosphere (50 psi). Catalyst was filtered fi*om 
the solution and solvent removed in vacuo to produce the title compound (0.930 mg). 



Step B: Benzvl 2-oxo-1.2-dihvdTopvridin-3-vlcarban[iate 
25 Sodium bicarbonate (1.70 g, 16.89 nmiol) and benzyl chloroformate (1.58 g, 9.29 mmol) 

were added to a solution of 3-aminopyridin-2(lH)-one (0.930 g, 8.45 mmol) in tetrahydrofiiran (20 mL). 
After 7 h, the mixture was extracted with ethyl acetate and saturated sodium bicarbonate. The organic 
extract was washed with water and saturated brine, dried over magnesium sulfate, filtered, and 
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concentrated. Purification by chromatogr^hy [silica gel, 1% to 5% methanol (10% ammonium 
hydroxide) in dichloron^thane gradient elution] gave the tide compound (L304 g). MS 245 (M+1) 

Step C: Benzyl 5-iodo-2-oxo-l>2-dihvdropvridiD-3-vlcarbamate 
5 A^-Iodosuccfaiimide (0.292 g, 1.30 mmol) was added to a solution of benzyl 2-oxo-l,2- 

dihydropyiidin-3-ylcarbamate (0.317 g, 1.3 mmol) in anhydrous dichloromethane (10 mL) and stirred 
overnight The mixture was concentrated and purified by chromatography (silica gel, 0% to 50% ethyl 
acetate in hexanes gradient elution] to give the title compound (0.245 g). MS 371 (M+1) 

10 Step D: Benzvl l-fcvclopropvhnethvl>-5-iodo»2<)xo-L2-dihvdropvridin-3"Vlcarbarnate 

Cyclopropyhnethyl bromide (0.100 mL, 0.99 mmol) and cesium carbonate (0.323 mg, 
0.99 mmol) were added to a solution of benzyl 5-iodo-2-oxo-l,2-dihydropyridin-3-ylcarbamate (0.245 g, 
0.66 mmol) in dimethylformamide (3 mL) and stirred overnight. The mixture was diluted with water and 
extracted with ethyl acetate. The organic layer was washed with saturated brine, dried over magnesium 

15 sulfate, filtered, and concentrated. Purification by chromatography (silica gel, 10% to 50% ethyl acetate 
in hexanes gradient elution) gave the title compound (0.190 g). MS 425 (M+1) 

StepE: Benzvl l"fcvcloprnpy1rnethvlV2'OXO-5-phenyl-1.2'-dihvdropvridin-3-vJ caTham^ 

Tetra]d5(triphenylphosphine)palladium(0) (0. 132 mg, 0. 1 1 nunol) and benzyl 1- 

20 (cyclopropylmetfayl)-5-iodo-2-oxo-l,2-dihydropyridin-3-ylcaibainate (0.097 mg, 0.229 mmol) in 

tetrahydrofiiran (1 mL) were stirred at room temperature for 30 minutes. A solution of phenylboronic 
acid in ethanol (1 mL) was then added to the reaction mixture. After 1 h, a 2 M solution of sodium 
carbonate (1 mL) was added and the reaction was heated to reflux. After 3 h, the mixture was allowed to 
cool to ambient tenq^erature and extracted with ethyl acetate and water. The combined organic extracts 

25 were washed with saturated brine, dried over magnesium sulfate, filtered and concentrated. Purification 
by chromatography (silica gel, 5% to 30% ethyl acetate in hexanes gradient elution) gave the title 
compound (0.061 g). MS 375 (M+1) 

Step F: 3-AmiTift-1-(cYcl9prnpY^ Tneth y1)-5-phenvlpiperidin-2-one 
30 Benzyl Hcyclopropylmethyl)-2H}xo-5-phenyl-l,2-dihydropyridin-3-ylcarbamate (0.061 

g, 0.163 mmol) and 10% palladium on carbon (0.060 g) were stirred in ethanol (15 ml) for 6 h under 
hydrogen atmosphere (50 psi). Catalyst was filtered from the solution and solvent removed in vacuo to 
produce the tide con^jound (0.03 1 mg). MS 245 (M+1) 
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INTERMEDIATE 17 




5 A minn- 1 cvclopropvlmethvIV5-pheDvlazepan-2-one 
Step A: f AzidomethvDcvclopropane 

Sodium azide (7.22 g, 11 LI mmol) was added to a solution of cyclopropylmethiyl 
bromide (5.0 g, 37.0 mmol) in Af,iV-dimethylfonnamide (20 mL) in a sealed tube and the mixture heated 
to 1 10 ° Q After 5 h, the mixture was cooled to ambient temperature. Water was added, and the mixture 
10 was extracted with dichloromethane (3x). The combined organic extracts were washed with water (3x), 
saturated brine, and dried over sodium sulfate. The solution was decanted to give the title compound in 
dichloromethane. 

Step B: l-fCvcIopropvlmethvlV5-phenvlazepan-2-one 

15 4-Phenylcyclohexone (1.0 g, 5.74 mmol) was added to a solution of 

(azidomethyl)cyclopropane in dichloromethane (0.238 M). The mixture was cooled to 0 and 
titanium(IV) chloride was added (1 M in dichloromeihane; 14.35 mL, 14.35 mmol). After 5 min, the 
reaction mixture was warmed to ambient temperature. After 18 h, the reaction was quenched with 
saturated sodium bicarbonate (30 mL). The mixture was extracted with dichloromethane (3x), and the 

20 combined organic extracts were washed with wat^ (3x), saturated brine, dried over sodium sulfate, 
filt^:ed and concentrated. The crude product was purified by silica gel chromatography [100% 
dichloromethane 97% dichlorometiiane/ 3% (10% ammonium hydroxide/ methanol)]. The product 
was re-purified by reverse phase HPLC (C-18 column, 95% water/acetonitrile 5% watei/acetonitrile 
with 0.1% trifluoroacetic acid) to give the title product (0.322 g). MS 244 (M+1). 

25 

Step C: 3''Bromo-l-fcvclopropvlmethvlV5-phenvlazepan-2-one 

Phosphorus pentachloride (0.3 g, 1.44 mmol) was added slowly to a solution of 1- 
(cyclopropylmethyl)-5-phenylazepan-2-one (0.35 g, 1.44 mmol) in dichloromethane (8 mL) at 0 °C. 
After 1 h, iodine (3.6 mg, 0.01 mmol) and bromine (0.07 mL, 1.44 mmol) were added, and the mixture 
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was allowed to warm to ambient ten^erature. After 1 h, another 0.3 g of phosphorus pentachloride was 
added. After an additional 18 h, the reaction was quenched with saturated sodium bicarbonate. The 
mixture was extracted with dichloromethane (3x), and the combined organic extracts were washed with 
water (3x), saturated brine, dried over sodium sulfate, filtered and concentrated. 



(cyclopropyhnethyl)-5-phenylazepan-2-one (0.3 g, 0.93 mmol) in acetonitrile (4 mL) and water (1 mL), 
and the mixture heated to 100 C. After 18 h, the mixture was allowed to cool to ambient tercperature 
10 and concentrated. Water was added and the mixture was extracted with dichloromethane (3x). The 
combined organic extracts were washed with water (3x), saturated brine, dried over sodium sulfate, 
filtered and concentrated. 

5;tpp F.! ^-Ami Tifv1^cyc]opropvlmethvlVS"phenvla2;epan-2H3ne 
15 10% palladium on carbon (30 mg) was added to a solution of 3-azido-l- 

(cyclopropyhnethyl)-5-phenylazepan-2-one (0.3 g, 1.05 mmol) in methanol (4 mL). The reaction vessel 
was evacuated and back-filled with nitrogen (3x), then back-filled with hydrogen (1 atm). After 18 h, the 
reaction was filtered and concentrated.. Purification by silica gel chromatography [100% dichloronoethane 
— ^ 93% dichloromethane/ 7% (10% ammonium hydroxide/ methanol)] gave the title compound (60 mg). 
20 The racemic product was resolved on a chiralpak AS (250 x 20 mm) column using 20% propanol/ 

hexanes — > 50% propanol/ hexanes (0.1 % diethylamine in hexanes) to give four enantiomericaUy pure 
isomers. MS 259 (M+1). 



5 



Step D: 3-A2ido-l-fcy r1npiT>pYlni ethvl)"5-phenyla2epan-2-one 

Sodium azide (0.24 g, 3.72 mmol) was added to a solution of 3-bromo-l 



INTERMEDIATE 18 



25 




4-Phenvl-l>piperidin-4'VM .3-dihvdrO'2tf-imidazol"2-one hydrochloride 

4-Phenyl-l-piperidin-4-yl-l,3-dihydro-2//-imidazol-2-one hydrochloride was prepared 
30 according to the procedure described in US 6,344,449 B 1 . 
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INTERMEDIATE 19 




0 

5 

4-Phenvl-l-pipftridiTi-4-vl -itniHa7T>1 i,din-2-one 

A solution of 4-phenyl-l-piperidin-4-yl-l,3Hiihydro-2ff-iiiiidazol-2-one hydiochloride 
(510mg, 1.82 mmol) in methanol (10 mL) was hydrogenated at 1 atm 

caibon { 100 mg). After 41i, tiie reaction was filteed and the crude product pmijaed by reverse phase 
10 HPLC (C-18, 5% to 95% 0.1% trifluOToacetic acid/acetonitrile m 0.1% aqueous trifluoroacetic acid 
gradient elution). The tide conq>ound was obtained as the ttiflucHoacetic acid salt (304 mg). MS 246 
(M+1) 



iIATE20 




■^iperidin-4-v1-2.4-dihvd ro-3H-1.2.4-triflzol-3-oge hvdTOcbloride 
Rt^ A- 9ff-Plnoren-9-vlmethvl 4-rff-bntoxvca rbonvnhvdrazono1piperidine-l-carboxvlate 

A solution of H(9fl-fluQren-9-yl)methyloxycarbonyl]-4-piperidone (16.0 g, 50.0 mmol) 
and tert-hatyl caibazate 7.25 g, 55.5 mmol) in ethanol (250 mL) was refluxed for 1 h. The solution was 
20 cooled and concentrated. Addition of etiier (100 mL) produced the title compound as a white precipitate 
(21.0 g). IH NMR (500 MEIz, CDCls) □ 7.77 (d, 7 = 7 Hz, 2H), 7.57 (d, 7 = 7 Hz,2H). 7.40 (t, J = 7 Hz, 
2H), 7.32 (t, 7 = 7 Hz, 2H), 4.50 (hr s, 2H), 4.24 (t. 7 = 6 Hz, IH). 3.4-3.7 (br m, 4H), 2.47 (br s. 2H), 2.1- 
2.2 (brm,2H), 1.56 (s,9H). 
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Step B: 9jg-Huoi^D"9-vlmetfavl 4-rff-butoxvcarbonvDhvdn *?^nn]pi^ 

A solution of 9H-fluoien-9-ylmethyl 4-[(r-butoxycarbonyl)hydra2ono] piperidine-1- 
carboxylate (10.0 g, 22.9 mmol) in acetic acid (150 mL) was shaken with platinum oxide (1.0 g) under 45 
psi hydrogen on a Pair apparatus for 2 h. The solution was filtered and concentrated to give the title 
5 conoqpound. 

Step C: 9g"Fluoren-9-vlmethvl 4-hvdrazinopiperidine-l-carboxvlate 

A solution of 9iir-fluoren-9-ylmethyl 4-[(^er^-butoxycarbonyl)hydrazino] piperidine-1- 
carboxylate (20 g, 45.7 mmol) was dissolved in trifluoroacetic acid (100 mL) and stirred at room 
10 temperature for 1.5 h. The reaction was concentrated and tiie residue dissolved in methanol and purified 
by reverse phase HPLC. Pure flections were isolated and combined to give the trifluoroacetic acid salt of 
the tide compound (3.01 g). iR NMR (500 MHz, DMS0-d6) □ 7.89 (d, 7 = 8 Hz, 2H), 7.61 (d, 7 = 8 

Hz,2H), 7.40 (t, 7=8 Hz, 2H), 7.32 (t, 7 = 8 Hz, 2H), 4.33 (d, 7 = 6 Hz, 2H), 4.25 (t, 7 = 6 Hz, IH), 3.5^.0 
(br s, 6H), 3.05 Qyr s, IH), 2.80 (br s, 2H), 1.89 (br s, 2H). 1.2 (br s, 2H). 

15 

Step D: 9/f-Fluoren-9-vlmethvI 4-(5K)xO"3-phenvl-4.5-dihvdro~l/ir--L2.4--triazol~l-vl)piperidine-l- 
carboxvlate 

A solution of 9H-fluoien-9-ylmethyl 4-hydrazinopiperidine-l-carboxyiate trifluoroacetic 
acid salt (2.95 g, 6.54 mmol) was refluxed fQr.2 h with ethyl JV-benzothioyI carbantiate (1.50 g, 7.1 mmol) 
20 (prq)aied by the procedure of E. P. P^adopoulus, 7. Org. Chem., 1976, 41(6) 962-965) m 

tetrahydrofiiran (30 mL) with diisopropylethyl amine (1.25 mL, 7.1 mmol). The reaction was cooled and 
concentrated, then dissolved with heating in acetonitrile. A white solid crystallized upon cooling, giving 
the tide compound (2.06 g). iH NMR (500 MHz, CDCI3) □ 7.80 (d, 7 = 7 Hz, 2H), 7.77 (d, 7 = 7 

Hz,2H), 7.61 (d. 7= 7 Hz, 2H), 7.48 (m, 3H). 7.40 (t, 7 = 7 Hz, 2H), 7.33 (t, 7 = 7 Hz, 2H), 4.46 (d, 7= 6 
25 Hz, 2H), 4.36 (m, 2H), 4.27 (t, 7 = 6 Hz, IH), 4.26 (far s, 1 H), 3.02 (br s. 2H), 2.04 (br s, 2H), 1.94 (br m, 
2H). 

StepE: 5-Phenvl'l-piperidiTi-4-Yl-2,4-dihvdro-3fl"1.2.4-triazol>3-one hydrochloride 

A solution of 9i?-fluoien-9-ylmethyl 4-(5-oxo-3-phenyl-4,5-dihydro-l/f-l,2,4-triazoH- 
30 yl)piperidine-l-carboxylate (2.06 g, 4.41 mmol) and diethylamine (15 mL) in tetrahydrofiiran (15 mL) 
was stirred at room temperature for 2 h. Hie reaction was concentrated and the crude product purified by 
column chromatography (silica gel, 0 to 10% [5% ammonium hydroxide/methanol} in dichloromethane 
gradient elution), giving the tide compound as a white soUd (0.95 g). iH NMR (500 MHz, CDCI3) □ 
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7.84 (d, / = 7 Hz, 2H), 7.47 (m, 3H), 4.30 (m, IH), 3.25 (d, 7 = 13 Hz, 2H), 2.79 (t, 7 = 13 Hz, 2H), 2.04 
(d, 7 = 4. 12 Hz, 2 H), 1 .93 (br d, y = 10 Hz. 2H). 



l-Piperidm-4-Y ^tTniday.ol TdiDe~2.4-dione 

Step A: ^gyt"Butvl 4"r(2-e1hoxV"2H3xoethvl)amino1piperidme-l'Carboxvlate 

Sodium cyanoborohydride (189 mg, 3.01 imnol) was added to a solution of l-boc-4- 
piperidone (500 mg, 2.51 mmol) and glycine ethyl estier hydrochloride (350 mg, 2.51 mmol) m methanol 
10 (12.5 mL). After 16 h, fhe noixture was quenched with saturated ammonium chloride solution, 

concentrated, and partitioned between dichloromethane and saturated sodium bicarbonate solution. The 
organic layer was washed with brine, dried over magnesium sulfate, filtered, and concentrated. 
Purification by silica gel chromatography [100% dichloromethane -» 95% dichloromethane/ 5% (10% 
ammonium hydroxide/ methanol)] gave the tide compound (600 mg). 



Step B: fgyt-Butvl 4-(2,4-dioxoimidazolidin-l-vl'>piperidme-l-carboxvlate 

Potassium cyanate (31 mg, 0384 mmol) was added to a solution of tert-butyl 4-[(2- 
ethoxy-2-oxoethyl)ammo]piperidine-l-carboxylate (100 mg, 0.384 mmol) in water (2 mL). Acetic acid 
was then added to adjust pH of reaction to 4-5 and the mixture was heated at 40 DC After 16 h, the 
20 reaction was cooled to ambient temperature and purified by reverse phase HPLC (C-18, 95% 

water/acetonitrile 5% water/acetonitrile with 0.1% trifluoroacetic acid) to give the tide coiE5)ound (33 
mg). 

Step C: l-Piperidin-4-v1i Tr>iHa7nlid TDe-2,4>dione 
25 Trifluoroacetic acid (0.300 mL) was added to a solution of tert-hutyl 4-(2,4- 

dioxoimida2olidin-l-yl)piperidine-l-carboxylate (32 mg, 0,113 mmol) in dichloromethane (1 mL). After 
4 h, the reaction was concentrated to give the tide compound. MS 184.04 (M+1). 



INTERMEDIATE 21 
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INTERMEDIATE 21 A 




4^PiperidtT^-4.. Yl pyridflZ!n -3f2g)-one 

Step A. Benzv! 4-f l-fethoxvcarbonvDbut-3-en-l'Vllpiperidme-l 
5 To a -78 DC solution of benzyl 4-(2-ethoxy-2-oxoethyl)piperidme-l-carboxylate (5.02 g, 

16.4 mmol) in THF (90 mL) was added lithium hexamethyldisilazide ( 1 .0 M in THF» 18.1 naL, 18.1. 
namol). After 1 h allyl bromide (2.19 g, 18.1 mmol) was added, the reaction stirred at this temperature for 
0.5 h, then wanned to 25 DC. After 3 h the reaction was quenched by the addition of saturated aqueous 
ammonium chloride and extracted with ethyl acetate (2x). The combined organic layers were dried over 
10 MgS04, filtered, and concentrated under reduced pressure. The crude product was purified by silica gel 
chromatography, eluting with a gradient of 0 to 60% EtOAc : hexanes to give the title conq)ound (4.08 g). 
MS: m/z = 346.1 (M+1). 

Step B . Benzvl 4-\ 1 -(ethoxvcarbonvl V3 -oxopropvllpiperidine- 1-carboxvlate 

15 Benzyl 4-[l-(ethoxycarbonyl)but-3-en-l-yl]piperidine-l-carboxylate (4.08 g, 11.8 romol) 

was dissolved in THF (45 mL), and osmium tetroxide (0.45 mL, 2.5% solution in t-butanol) was added 
followed by a solution of sodium periodate (7.57 g, 35.4 mmol) in water (37 mL). After 24 h, the 
reaction was diluted with saturated aqueous Na2S03 and NaHCOs and extracted with ethyl acetate (4x). 
The combined organic washes were dried over sodium sulfate, filtered and evaporated The crude 

20 product was purged by silica gel chromatography, eluting with a gradient of 50 to 100% EtOAc : 
hexanes to give the title compound (2.39 g). MS: fn/z = 348.1 (M + 1). 

Step C. Benzvl 4-f3-o xo-2,^-dih vdropvridazm-4-vnp iperidiTie- l-carboxvlate 

Benzyl 4-[Hethoxycarbonyl)-3-oxopropyl]piperidine-l-<;aiboxylate (2.39 g, 6.89 mmol) 

25 was dissolved in acetic acid (1(X) mL) and hydrazine (4.42 g, 137 mmol) was added. This mixture was 
heated at 50 *C for 24 h, and then concentrated to dryness. The residue was diluted with saturated aqueous 
NaHCOa and extracted with dicbloromethane (3x), the combined organics dried, and concentrated to give 
a white solid (1.90 g). This material was dissolved in acetonitrile (20 mL), copper(II) chloride (L62 g, 
12.0 mmol) added and the reaction heated to50 'C After 2 h, the reaction was filtered through celite with 

30 dicbloromethane. The rinsate was washed with water (75 mL) and the aqueous phase backwashed with 
dichloromethane (3x). The combined organic washes were washed with IN HQ, dried and concentrated. 
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The crude product was purified by silica gel chromatography, eluting with a gradient of 0 to 12% MeOH : 
DCM to give die title compound (0.90 g). MS: miz = 314.1 (M + 1). 

Step D, 4-Piperidin-4-vlpvridaziD-3(2g)"0iie 
5 A solution of benzyl 4-(3-oxo-2,3-dihydropyridazm-4-yl)piperidme-l-carboxylate (0.90 

mg, 2.88 mmol) and 10% Pd/C (500 mg) in EtOH (25 mL), was hydrogenated under a balloon for 4 h. 
The reaction was filt^ed through Celite with more EtOH and concentrated to afford the title conq)ound 
(465 mg). MS 180.1 (M+1). 

10 INTERMEDIATE 22 




f3/g.65)"3-Amino-6-(23Klifluorophenvn-l-r2--(D[iethvlthio)ethvl1azepan-^^ 
Step A: 2-Bromo-N-f2,4-KliniethoxvbenzvDprop-2-en-l-amine 

Triethylamine (16.0 mL, 114 mmol) was added to a solution of 2,4- 

15 dimethoxybenzylamme hydrochloride (11.1 g, 54.5 mmol) and 2,3-dihromopropene (10.9 g, 54.5 mmol) 
in dichloromethane (200 mL). After 18 h, water was added and the mixture was extracted with 
dichloromethane (3x). The combined organic extracts were washed with saturated brine, dried over 
magnesium sulfate, filtered and concentrated. Purification by silica gel chronaatography [100% 
dichloromethane 95% dichloromethane/ 5% (10% ammonium hydroxide/ methanol)] gave the title 

20 compound (7.85 g). 

Step B: Benzvl f IJgVl-l rf2-bromoprop-2-envlV2 -^iTnethoicvbenzvn amino1carbonvllbut>3- 
envlcarbamate 

l-[3-(Dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (55 mg, 0.285 mmol) 
25 was added to a solution of 2-bronK)-/V-(2,4-<iimethoxybenzyl)prop-2-en-l-aniine (73 mg, 0.256 mmol) 
and (2R)-2-{[(benzyloxy)carbonyl]amino}pent-4-enoic acid (71 mg, 0.285 mmol) in dichloromethane (5 
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mL). After 18 h the mixture was concentrated. Purification by silica gel chromatography (5% ethyl 
acetate/ hexanes 30% ethyl acetate/ hexanes) gave the title compound (77 mg). MS 517 (M+1). 

Step C: Benzvl aJgVl-(rr2-(23-difluorophenvl>prop-2-envl1( 2,4-dimftth oxvbenzvn^ 
5 ^-eny lcarhamate 

DichIoro[l,r-bis(diphenylphosphino)feiTOcene]palladium dichloromethane adduct 
(0.726 g, 0.889 mmol) was added to a solution of benzyl (l/?)-l-{ [(2-bromoprop-2-enyl)(2,4- 
dimethoxybenzyl) anmio]carbonyl}but-3-enylcarbamate (9.2 g, 17.8 mmol), 2,3-difluorophenylboronic 
acid (2.95 g, 18.7 mmol) and sodium carbonate (2 M in water, 19.6 mL, 39.1 mmol) in N,Nr 
10 dimethylformamide (60 mL) and heated to 75 DC After 2 h, the mixture was allowed to cool to ambient 
temperature and extracted with dichloromethane (3x). The combined organic extracts were washed with 
saturated brine, dried over magnesium sulfate, filtered and concentrated. Purification by silica gel 
chromatography (5% ethyl acetate/ hexanes — > 55% ethyl acetate/ hexanes) gave the title conq)ound (6.8 
g). MS 551.2 (M+1). 

15 

Step D: Benzvl r3/?)-6-f23-difluorophenvn-l-f2.4-dimethoxybenzvlV2-oxo-2J.4.7-tetrahv^^ 
azepin-S'Vlcarbamate 

[l,3-Bis-<2,4,6-tiimethylphenyl-2-inaidazoUdinyUdene)dichloro(phenylme 
(tricyclohexylphosphine)mthenium] (Grubbs second generation catalyst) (2.62 g, 3.09 mmol) was added 

20 to a solution of benzyl (lR)-l-{ [[2-(2,3-difluorophenyl)prop-2-enyl](2,4- 

dimethoxybenzyl)ammo]carbonyl}but-3-raylcarbainate (6.8 g, 12.35 mmol) in dichloromethane (1800 
mL) and heated to 40 DC After 48 h, additional catalyst (0.52 g, 0.613 nomol) was added and the 
reaction heated at 40 DC for an additional 48 h. The mixture was allowed to cool to ambient temperature 
and concentrated. Purification by silica gel chromatography (5% ethyl acetate/ hexanes — > 55% ethyl 

25 acetate/ hexanes) gave the title con5>ound (3.71 g). MS 523. 1 (M+1). 

StepE: Benzvl f3/?^'6"f2J-difluorophenvlV2K)xo-2.3.4.74etrahvdro-lH-azepin-3"y 1carham 
Trifluc»x>acetic acid (60 mL) was added to a solution of benzyl (3/{)-6-(2,3- 
difluorophenyl)-l-(2,4-4imethoxybenzyl)-2-<)xo-2,3,4,7-tetrahydro-lH" (3.70 g, 

30 . 7.08 mmol) in dichloromethane (40 mL). After 18 h, the mixture was concentrated at 25 DC, methanol 
(150 mL) was added, and the precipitate filtered. The filtrate was concentrated and diluted with 
dichloromethane (100 mL). The mixture was extracted with water (2x), saturated aqueous sodium 
bicarbonate (2x), and saturated brine, dried over magnesium sulfate, filtered and concentrated. 
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Purification by siUca gel chromatography (5% ethyl acetate/ hexanes -» 65% ethyl acetate/ hexanes) gave 
the title coiiq>ound (1.75 g). MS 373.1 (M+1). 

Rte pF: tert-Butvl f^ff.6.S>-6-f2. 3-Hiflnnmph&nvlV2-oxoa7f!pan-3-vlcarfaamate 
5 10% palladium on carbon (700 mg) was added to a solution of benzyl (3i?)-6-(2,3- 

difluorophenyl)-2-oxo-2,3,4,7-tetrahydro-lH-azepin-3-ylcarbamate (2.6 g, 6.98 mmol) and di-tert-butyl 
dicarbonate (5.03 g, 23.0 mmol) in toluene (200 mL). The reaction vessel was evacuated and back-filled 
with nitrogen (3x). then back-filled with hydrogen (1 atm). After 24 h, the mixture was filtered and 
concentrated. Purification by preparative reverse phase chromatography (DeltaPak C18, 15 □ , 47 mm x 
10 300 mm, 70 mlVmin : 80% H2O/NH4OAC : 20% CH3CN to 100% CH3CN over 60 min) afforded the pure 
trans tide confound (1.2 g). MS 341.2 (M+1). 

n- f^rf-Butvl f3j?.6.ywS-f2.3-diflun«^phenvn-l-r2 -/niftthvlthio^thvll-2-oxoazepan-3-v1oarbamate 
Sodium hydride (60% dispersion in mineral oU; 40 mg, 0.600 mmol) was added to a 

15 solution of tert-butyl OR, 6S)-6-(2,3-difluorophenyl)-2-oxoazepan-3-ylcaibamate (170 mg, 0.500 mmol) 
in N ^-dimethylformamide (4 mL) at 0 DC . After 5 mmutes the mixture was cooled to -30 "C and 1- 
iodo-2-(methylthio)ethane [prepared according to knovra procedures: J. Org. Caiem., 1987, 52, 2299-2301 
(158 mg, 0.782 mmol)] was added. Additional sodium hydride (33 mg, 0.495 mmol) was added and after 
4 h excess sodium hydride (33 mg, 0.495 mmol) and l-iodo-2-(methylthio)ethane (75.6 mg, 0.374 mmol) 

20 were added After 3 h, the final portions of sodium hydride (33 mg, 0.495 mmol) and l-iodo-2- 

(methylthio)ethane (75.6 mg, 0.374 mmol) were added and the mixture stirred at -20° C overnight The 
reaction was quenched with water and tiie mixture was extiacted with ethyl acetate. The organic layer 
was wadied with water (3x), saturated brine, dried over magnesium sulfate, filtered and concentrated. 
Purification by silica gel chromatography (0% ethyl acetate/ hexanes -> 50% etiiyl acetate/ hexanes) gave 

25 the title conqwund (77 mg). MS 415 (M+1). 

<^^pTT.(^g,fi.g)-'^-AiTiin o-6-^2.3-diflHnmphenvlV l-r2.finethvkhio)ethvnazepan-2^^^ 

Ttifhioroacetic add (2 mL) was added to a solution of tert-butyl (3R,6S)-6-(2,3- 
difluorophemyl)-H2-(metiiylthio)ethyl]-2-oxoazq)an-3-ylcarbamate (77 mg, 0.186 mmol) in 
30 dichloiometiiane (10 mL). Aftea: 30 min, the solutira was concentrated and azeotroped witii toluene (2x). 
Saturated aqueous sodium Hcarbonate solution was added and the mixture was extracted with 
dichloromethane (3x). The combined organic extracts were washed with saturated brine, dried over 
magnesium sulfate, filtered and concwjtrated. MS 315.2 (M+1). 
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EssentiaUy foUowing the procedures outlined for the preparation of Ihteimediate 20. the 
Intermediates in Table 4 were prepared. 

TABLE 4 



fotennediate 


Structure 


MS(M+1) 


23 


HO 


285.2 
> 1 


24 


F ^"^^ 


353.2 


25 


F ^"^-f 

FvJ^^J^^^^-'NHg 


299.2 



-84- 



wo 2005/072308 



PCT/US2005/002199 



EXAMPLE! 





ri'i.ligVI -l'T'-l" prnmp|m..tliy[),2.nTft-«j 

■°°^■"'^'-rl>^hr^1^^Mllt-l-(^aT^v^T»■^|M. 

■^"'*>"™^<0'"0na,0.51™,^)was.dd«l«,asol«iooof3^c,,. 
: 5, CH CK . CH3CN ov. .0 affo^ ^ ^^^^^ 



TABLE 5 

o 
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7 




600.2 






(M+Na) 


8 




514.2 


9 


X racemic 


502.3 


10 


^"^j racemic 


502.3 


11 


(1 racemic 


530.2 
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530.2 



530.3 



528.3 



528.3 



-88- 




-89- 



wo 2005/072308 



PCT/US2005/002199 



EXAMPLE 20 




5 ferr-Butvl (2S.6R and 2/?,651-4~fcvclopropvlmethvlV5-oxo~6-f( r4-(2-oxo-4-phenvl-23^^^ 
imidazol-l -vDpiperidiii" 1 -vHcarbonvl ) aimno)"2"phenvl-l .4-dia2epane-l-carboxvlate 

Triethylamine (0.060 mL, 0.42 mmol) was added to a solution of tert-hutyl (2R,65 and 
2S,6/?)-6-arnmo-4-(cyclopropylniethyl)-5K)Xo-2-phenyl-l,4-^ (152 mg, 0.423 

mmol) and /^-nitrophenyl chlorofonnate (85 mg, 0.42 mmol) in tetrahydrofuran (5 mL) at 0 °C. After 1 h, 

10 triethylamine (0.18 mL, 1.26 mmol), 4-(2-oxo-4-phenyl-2,3-dihydro-lH-imidazoH-yl)piperidinium 
chloride (118 mg, 0.42 nmiol) and dicbloromethane (5 mL) were added and the mixture was allowed to 
warm to ambient tenq)erature. After 4 h, the mixture was diluted with saturated aqueous sodium 
carbonate. The mixture was extracted with ethyl acetate, washed witib saturated aqueous sodium 
carbonate and saturated brine, dried over magnesium sulfate, filtered, and concentrated. Purification by 

15 silica gel chromatography (1% methanol/ dicbloromethane 5% methanol/ dicbloromethane) gave the 
titte con?)Ound (215 mg). MS 629.3 (M+1). 



EXAMPLE 21 



20 
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;Sf--rf3.9.6/?VWCvcloDroDvlmethvlV7-K>xo-3-phenvl-L4^ 

1H-imiHflTnl>l.vl)piperidine-l"Carboxaraide and N-l (3R.6S) )-l-(cvclopropvIm&thvlV7-oxo-3-phenvl" 
1 ,4-diazepai3-6-vl1'4~f 2'OXO-4-phenvl-23-dihvdro-lH4nudazol^ 1 "VDpiperidine-l-carboxamide 
5 Step A: N4(3S.6R and 3j?.65)-MCvclopropvlmethvlV7-oxo-3-phenvl-1.4^azepan-^-v^^ 
phenvl"23-dihYdrQ~lH"in3ida2ol-l-vDpiperidine-l-carboxan}ide 

Trifluoroacetic acid (3 mL) was added to a solution of tert-hutyl (25,6/f and 2/?,6S)-4- 
(cyclopropylnaethyl)-5K)xo-6-{{[4-(2K)xo-4"phenyl-23-dihydro-lH-i^ 

yl]carbonyl}ainino)-2-phenyl-l,4-diazepane-l-carboxylate (201 mg, 0.32 nunol) in dichloromethane (10 
10 mL). After 30 min, the mixture was concentrated and saturated aqueous sodium bicarbonate was added. 
The mixture was extracted with dichloromethane (3x), and the combined organic extracts were dried over 
magnesium sulfate, filtered, and concentrated. Purification by silica gel chromatography [100% 
dichloromethane — > 95% dichloromethane/ (10% ammonium hydroxide/ methanol)] gave the racemic 
trans confound (183 mg). MS 529.2 (M+1). NMR (500 MHz, CDCh) □ 9.57 (br s, IH), 7.42-7.35 
15 (m, 7H), 7.31 (t, 7 = 7.2 Hz, IH), 7.27-7.23 (m, 2H), 6.51 (s, IH), 6.24 (d, J = 4.4 Hz, IH), 4.82-4.80 (m, 
IH), 4.32-4.27 (m, IH), 4.25-4.18 (m, 2H), 3.92-3.86 (m, 2H), 3.69 (dd, /= 13.9, 6.7 Hz, IH), 3.40 (dd, J 
= 12.4, 2.0 Hz, IH), 3.32 (d, J = 13.9 Hz, IH), 3.08 (dd, J = 13.9, 7.3 Hz, IH), 2.97 (t, J = 12.9 Hz, 2H), 
2.85 (dd, 12.2, 10.3 Hz, IH), 2.02 (d, 7= 10.8 Hz, 2H), 1.78-1.63 (m, 3H), 1.06-1.01 (m, 2H), 0.31- 
0.25 (m, 2H). 

20 

Step B: A^rf3^.6igV l-(CvcloproDvl methvlV7-oxo-3-phenvl-L4-diazepm^ 

dihvdro-lH4midazol-l-vl>piperidipft-1^arWfltTiiHft anrt A^-f )-1-rcvc1oprQpv1methv]V7-QXQ-3^ 
phenvl-L4-diazepan-6-vlM-f2-oxo-4>phenvl-23-dihvdro-lH-im^ 

The trans enantiomers were separated using a Oiirlpak AD colunon eluting with 60% 
25 (hexanes with 0.1% trifluoroacetic acid) and 40% isopropanol to give the final products. MS 529.3 
(M+1) for both. 
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EXAMPLE 22 




5 N-\(3S.6S and 3ig.6JgVKCvclopropvlmethvlV7-oxo-3-pheDvl-l .4-diazepan"6-vn-4-f2-oxo-4-phenvl-2,3- 
dihydm-1 H-Tm irfay-nUI -yDpiperidme-l-carboxamide 

Step A: terr-ButvI (35.65 and 3jR.6Jg)-4-fcvclopropvlmethvlV5K>xo-6-^{r4-f2K>xo^ 
m-imiHfl'7r>l-l -vl)piperidin-l-vncar hnTiYl }aTniiin>>7>plift nvl'"1.4-<iia2epane"l"Carboxvlate 

Triethylamine (0.010 mL, 0.060 mmol) was added to a solution of tertAmtyl (2R^6R and 

10 25,65)-6-amino-4-(cyclopropylniethyl)-5-oxo-2-phenyl-l,4-di (22 mg, 0.061 

mmol) and p^trophenyl chlorofonnate (12.3 mg, 0.061 mmol) in tetrahydrofiiian (2.5 xriL) at 0 °C. 
After 1 h, triethylamine (0.030 mL, 0.180 mmol), 4-(2-oxo-4-phenyl-2,3-dihydro-lH-imidazol-l- 
yl)piperidinium chloride (17.1 nig, 0.061 nunol) and dichloromethane (2.5 mL) were added and the 
mixture was allowed to warm to ambient ten^)erature. After 4 h, the mixture concentrated to give the 

15 crude conq)ound. MS629(M+1). 



Step B: iV-rf35.65 and 6j?.3J?)-l"fCvclopropvhnethvIV7-oxo-3-phenvl>1.4-diazepan-^"VlM-f2-oxo-4^ 
phenvl-2.3Tdihvdro-lH"imidazol-l-vDpiperidine~l-carboxanrude 

Trifluoroacetic acid (3 mL) was added to a solution of f^rt-butyl (35,68 and 3/?,6/?)-4- 

20 (cyclopropylmethyl)-5<>xo-6<{[4-(2<)xo-4-phenyl-23-dihydro-lH-imidazol-l"yl)p^ 

yl]carbonyl}amino)-2-phenyl-l,4-diazepane-l-carboxylate (38.4 mg, 0.060 mmol) in dichloromethane 
(10 mL). After 30 min, the mixture was concentrated and saturated aqueous sodium bicarbonate was 
added. The mixture was extracted with dichloromethane (3x), and the combined organic extracts were 
dried over magnesium sulfate, filtered, and concentrated. Purification by silica gel chromatography [99% 

25 dichloromethane -> 95% dichloromethane/ [10% ammonium hydroxide/ methanol)] gave the title 
compound (18 mg). MS 529.3 (M+1). 
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EXAMPLE 23 




5 A^rf25.6gV4-^CvclooroDvlirietfavlVl-iDethvl-5K)xo-2-phenvl4.4 
Hih Ydm-IH-inridazol-l-vl'tpiperidm ft-l-^-aT^v^TaTniiile 

Potassium carbonate (5.8 mg, 0.040 mmol) was added to a solution of N-{(3R,6S)-l- 
(cyclopropylinethylH<>xo-3-phenyl-l,4-diazepan-^yl]-4K2-oxo-4-i*OT 

yl)piperidine-l-ca3rboxainide (11.0 mg, 0.021 mmol) and iodomethane (3 DL. 0.040 mmol) in acetone 
10 (0.S mL). After 18 h. the mixture was concentrated. Purification by silica gel cfaromatography (1% 
methanol/ dicMoromethaiie -> 5% methanol/ dichl(»omethane) gave the title coDq>ound (4 mg). MS 
543.3 (M+1). 

EXAMPLE 24 

15 
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Ar-r(2S,6j?Vl"BeDZvl-4-fcvclopropvlmethvlV5-oxo-2-phenvl" 
dihvdro-lH -iTnHazn ^l.vnpiperidine-l-car boxairiide 

Potassium carbonate (6.4 mg, 0.05 mmol) was added to a solution of iV-[(3/?,6S)-l- 
(cyclopropylmethyl)-7<)Xo-3-phenyl-l,4-diazepan-^-yl]-4K2-oxo-4-phenyl^ 
yl)piperidine-l-carboxaniide (12.2.0 mg, 0.023 mmol) and benzyl bromide (14 DL, 0.12 mmol) in 
acetone (0.5 mL). After 18 h, the mixture was concentrated. Purification by silica gel chromatography 
(1% methanol/ dichloromethane — » 5% roethanol/ dichloromethane) gave the title compound (11 mg). 
MS 619.3 (M+1). 



EXAMPLE 25 




N-rf2y.6/?Vl-AcetvM-fcvclopropvlmethvIV5K)xo-2-phenvl-L4Klia2epan-6-^^^ 
dihvdro-l TT-irnidaz ol-l-vnpiperidine^l-c arhnxarnidft 

Acetyl chloride (2.1 DL, 0.03 mmol) was added to a solution of Ar-[(3/?,65)-l- 
(cyclopropylmethyl)-7-oxo-3-phenyl-l,4KUazepan-^-yl]-4-(2-oxo-4-pheayl-23Kiihydro-lH^ 
yl)piperidine-l-carboxamide (16.9 mg, 0.03 mmol) and triethylamine (9 DL, 0.06 mmol) in 
dichloromethane (0.5 mL). After 30 min, the mixture was concentrated. Purification by silica gel 
chromatography (1% methanol/ dichloromethane — » 5% methanol/ dichloromethane) gave the title 
compound (17 mg). MS 571.3 (M+1). 
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EXAMPLE 26 




5 N4(3RJR)A^cyclaDromlm^ihv^^ 

DiisopETopyleihylaiiime (0.020 mL, 0.11 nunol) and phosgene (0.06 niL, 0.56 mmol) were 
added to a solution of 4<2H3Xo-4-phenyl-23-<iihydro-lH-imidazol-l-yl)piperi chloride (27 mg, 
0.1 11 nunol) in dichlordmetiiane (1 noL) at 0 After 30 min, the mixture was concentrated in vacuo 
10 and azeotroped with dichloromethane (2x) to give the crude amine. Diisopropyle&ylanune (0.04 ml, 0.22 
mmol) was added to a solution of the crude amine and (3i?,7/?)-3-anMno-Hcyclopropylmethyl)-7- 
phenylazepan-2-one (28.7 mg, 0. 1 1 mmol) in dichloromethane (1 mL) and the mixture heated to reflux. 
After IS min, the mixture was concentrated and purified by silica gel chromatography (1% methanol/ 
dichloromethane -> 5% methanol/ dichloromethane) gave the title compound (38 mg). MS 528.3 (M+1). 

15 

Essentially following the procedure outlined for the preparation of Example 26, the Examples in Table 6 
ware prepared. 
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jV~rGjg,6.?)-l"fCVclopropvlmethvlV2K)xo-6-phenvla2epm^ 
1 ■2,4-triazoH -yDpiperidine- 1 -carboxami de 



(cyclopropylinethyl)-6-phenylazepan-2-one (9 mg, 0.035 mmol) and /7-iiitrophenyl chloroformate (7 mg, 
0.035 nnnol) in tetrahydrofuran (0.500 mL) at 0 °C. After 0.5 h, diisopropylethylamine (0.027 mL, 0.14 
mmol), 5-phenyl-l-piperidin-4-yl-2, 4-dihydro-3/7-l,2,4-triazol-3-one hydrochloride (9 mg, 0.035 nmol), 
and dichloromethane (0.500 mL) were added and the mixture was heated to reflux. After 2 h, the mixture 
was concentrated. Purification by reverse phase HPLC (C-18, 95% water/acetonitrile — > 5% 
water/acetonitrile with 0. 1% trifluoroacetic add) gave the title compound. MS 529.3 (M+1). 

Essentially following the procedure outlined for the preparation of Exanople 29, the Examples in Table 7 
were prepared. 



Triethylamine (0.006 mL, 0.035 mmol) was added to a solution of (3/?,65)-3-amino-l- 



TABLE? 
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Example 


R 


MS 
(M+1) 


30 


1 V-'NH 


531.3 


31 


1 V"'NH 
r — racemic 

6 


529.3 


32 


1 V"'NH 
^ racemic 


529.3 
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EXAMPLE 33 




5 ^>rf3/g.6.y>-6H ^^i ^-^ifliinrophenvlVl-(2-metfaoxveA ^^ 
ph^t^Ylii^iHflTnlidiTi-l-vnpiperidtne-l-carboxaim 

Triethylanme (0.012 wL, 0.084 mmol) was added to a solution (3/?,65)-3-amino-6-<2,3- 
difluorophenyl)-l-(2-methoxyethyl)azepan-2-one (25 mg, 0.084 nunol) and p-nitrophenyl chloroformate 
(25 mg, 0. 126 mmol) in tetrahydrofuran (1 mL) at 0 °C. After 0.5 h, triethylamine (0.036 mL, 0.252 

10 mmol) and 4-phenyl-l-piperidin-4-yl-imidazolidin"2-one (3 1 mg, 0. 126 mmol) were added and the 

mixture was allowed to warm to ambient temperature. After 1 h, the mixture was quenched with water, 
extracted with dichloromethane, and washed with 1 N NaOH solution. The combined organic layer was 
dried over sodium sulfate, filtered, and concentrated. Purification by silica gel chromatography (0.5% 
methanol/ dichloromethane -» 6% methanol/ dichloromethane) gave the title compound (1 1 mg). MS 

15 570.3 (M+1). 



EXAMPLE 34 
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;\r-r(3j?,65)-^-f23><afluorophenvlVW2 -metfaoxvethvIV2><)Xoaz^ 
yPpiperidine-l -carboxamide 

Triethylamine (0.012 mL, 0.084 mmol) was added to a solution (3/?.dy)-3-amino-6-(2,3- 
difluorophenyl)-l-(2-inethoxyethyl)a2epan-2-one (25 mg, 0.084 mmol) and p-nitrophenyl chlorofonnate 
(25 mg, 0.126 mmol) in tetrahydrofiiran (1 mL) at 0 °C. After 0.5 h, triethylamine (0.036 mL, 0.252 
mmol) and l-piperidin-4-ylimidazolidine-2,4-<iione (23 mg, 0.126 mmol) were added and the mixture 
was allowed to warm to ambient temperature. After 1 h, the mixture was quenched with water, extracted 
with ethyl acetate, and washed with 1 N NaOH solution. The combined organic layer was dried over 
sodium sulfate, filtered, and concentrated. Purification by silica gel chromatography (0.5% methanol/ 
dichloromethane 7% methanol/ dichloromethane) gave the title compound (9 mg). MS 508.2(M+1). 



EXAMPLE 35 




A^-rf3j?.6y ^-r2.3KiifluorophenvlV2K)xo-l-f2.2,2--trifluoroethvnazeDan-^ 
dihvdropvridazin-4-vDpiperidine- l~carhnxaTTm'dft 

Triethylamine (11.5 mg, 0.104 mmol) was added to a solution (3i?,65)-3-amino-6-(2,3- 
difluorophenyl)-l-(2,2,2-trifluoroethyl)azepan-2-one (32 mg, 0.104 mmol) and p-nitrophenyl 
chlorofonnate (20 mg, 0.104 mmol) m tetrahydrofiiran (1 mL) at 0 °C. After 0.5 h, triethylamine (42 mg, 
1 0.416 mmol) and 4-piperidm-4-ylpyridazm-3(2/0-one (19 mg, 0.104 mmol) were added and the mixture 
was allowed to warm to ambient temperature. After 1 h, the mixture was quenched with water, extracted 
with ethyl acetate, and washed with 1 N NaOH solution. The combined organic layer was dried over 
sodium sulfate, filtered, and concentrated. Purification by silica gel chromatography (1% methanol/ 
dichloromethane.^ 10% methanol/ dichloromethane) gave the titie compound (30 mg). MS 528.1999 
(M+1). 

While the invention has been described and illustrated with reference to certam particular 
embodiments thereof, those skilled in the art will appreciate that various adaptations, changes, 
modifications, substitutions, deletions, or additions of procedures and protocols may be made without 
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departing from the spirit and scope of the invention. For example, effective dosages other than the 
particular dosages as set forth herein above may be applicable as a consequence of variations in 
responsiveness of the mammal being treated for any of the indications with the con5)Ounds of the 
invention indicated above. 
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WHATISCXAIMEDIS: 



The compound of Fonnula I: 
>^W-X-N 



(R3) 



1-9 j.Q.^ 

I 




G^NH 

T 

o 



5 wherein: 

A is a bond, C(R2)2, O, S(0)in or NR2; 
Bis(C(R2)2)n; 

10 

DisO; 
1 

R is selected from: 

15 1) H, Cj-Cg alkyj, C2-C^ alkenyl, C2-C6 alkynyl, C3-6 cycloalkyl, and heterocycle, 

unsubstituted or substituted with one or more substituents independently selected from: 

a) Ci-6 alkyl, 
20 b) C3-6 cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-S substituents where 
the substiturats are independently selected fromR^ 

d) heteroaryl, unsubstituted or substituted with 1-S substituents 
where the substituents are independently selected from R^, 

25 e) heterocycle, unsubstituted or substituted with 1-5 substituents 

where the substituents are independently selected from R^, 
f) (F)pCl-3 alkyl. 
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g) 


halogen. 


h) 


.0R4. 


i) 


0(CH2)s 0R4 


j) 


CO2R4. 




(CO)NR10r11, 


1) 


O(CO)NR10r11. 


m) 


N(R4)(CXD)NRlORil. 


n) 


N(R10)(CO)r11. 


0) 


N(R10)(CO)OR11. 


P) 


SO2NRl0Rli. 


q) 


N(R10)S02R^1' 


r) 


S(O)njRl0, 


s) 


CN, 


t) 


nriOrH. 


u) 


N(R10)((X))NR4r11. and. 


V) 


0(C0)R4; 



2) aryl or heteroaryl, unsubstituted or substituted with one or more 
substituents independently selected from: 

a) Ci^ alkyl, 

b) C3-6 cycloalkyi, 

c) aryl» unsubstituted or substituted with 1-S substituents where 

the substituents are independently selected from R^, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 

where the substituents are independently selected from R"^, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 

where the substituents are independently selected fromR^, 

f) (F)pCi.3 alkyl, 

g) halogen, 

h) 0R4, 

i) 0(cH2)sOR4 
j) CO2R4. 

k) (CO)NR10r11. 
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1) 


O(CO)NR10r11. 


m) 


N(r4)(CO)NR10r11. 


n) 


N(r10)(CO)R11. 


o) 


n(r10xco)or1i. 


P) 


SO2NR10r11. 


q) 


N(R10)S02R^1. 


r) 


S(0)JRlO 


s) 


CN, 


V) 




w) 


N(r10)(CO)NR^r11, and 


V) 


0(C0)R4; 



R is independently selected from: 

1) H, CQ-Cg alkyl, Ci-Cg alkenyl, C2-C6 alkynyl, C3-6 cycloalkyl and heterocycle, 

unsubstituted or substituted with one or more substituents independently selected from: 

a) Ci-6 alkyl, 

b) C3-6 cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents where 

the substituents are independently selected from R^, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 

where,the substituents are mdependently selected from R^, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 

where the substituents are independently selected from R^, 





(F)pCi.3 alkyl. 


g) 


halogen. 


h) 


Or4. 


i) 


0(CH2)sOR4 


j) 


C02R'^- 


k) 


(CO)NR10r11. 


1) 


0(CX))NR10r11. 


m) 


N(R4)(CO)NR10r11. 
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n) 


N(R10)(CO)r11. 


o) 


N(RlO)(CO)ORli. 


P) 




q) 


N(r10) SO2RII. 


r) 


S(0)jnRlO, 


s) 


CN, 


t) 


nrIOr", 


u) 


N(R10)(CO)NR^r11, and. 


V) 


0(C0)R4; and. 



2) aryl or heteroaryl, unsubstituted or substituted witti one or more substituents 
independently selected from: 

a) Ci-6 allq^l 

b) C3-6 cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents where 

the substituents are independently selected fromR^, 

d) heteroaryl, unsubstituted or substituted with 1-S substituents 

where the substituents are independentiy selected fromR^, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 

where the substituents are independentiy selected from R^, 



f) 


(F)pCi.3alkyl, 


g) 


halogen, 


h) 


0R4. 


i) 


0(CH2)sOR4 


j) 




k) 


(CO)NR10r11. 


1) 


O(CO)NR10r11. 


m) 


N(R4)(CO)NR10r11. 


n) 


N(R10)(CO)R11. 


0) 


N(R10)(CO)OR11. 


P) 


S02NR1^^^. 


q) 


N(R10)S02R11. 


r) 
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s) CN, 

t) nrIOrH. 

u) N(RlO)(CO)NR4Rll,and 
v) 0(C0)R4; 

5 

or, any two ind^)endeDt on the same carbon or on adjacent carbons may be joined together to form a 
ring selected from cyclobutyl, cyclopentenyl, cyclopentyl, cyclohexenyl, cyclohexyl, thiazolinyl, 
oxazolinyl, imidazolinyl, imidazolidinyl, pyrrolinyl, morpholinyl, Ihiomorpholinyl, thiomorphoUnyl S- 
oxide, thiomorpholinyl S-dioxide, azetidinyl, pynolidinyl, piperidniyl, tetrahydrofuranyl, 
10 tetrahydropyranyl, tetrahydropyridyl, fiiranyl, dihydrofuranyl, dihydropyranyl or piperazinyl, 

where said ring is unsubstituted or substituted with 1-5 substituents independently selected from: 

(a) -Ci^alkyl, which is unsubstituted or substituted with 1-3 substituents 
15 independently selected from:. ■ 

(i) halo, 

(ii) hydroxy, 

(iii) -O-Ci-ealkyl, 

(iv) -Cs^cycloall^l, 
20 (v) -CORlO 

(vi) -CO2RIO, 

(vii) -NRIOrH, 

(viii) -SO2RIO, 

(ix) -CONRlORll.and 
25 (X) -(NRlO)C02Rll, 

(b) -SO2NRIQRII 

(c) halo, 

(d) -SO2RIO, 

(e) hydroxy, 

30 (f) -0-Ci.6alkyl, which is unsubstituted or substituted with 1-5 halo, 

(g) -CN. 

(h) -CORlO, 

(i) -NRIOrH, 

(j) -conriQrh, 
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(k) -CO2RIO, 

(1) -(NRl0)CO2Rll, 

(m) -O(CO)NR10r11, 

(n) -(NR4)(CO)NR10r1 1. and 

5 (o) 0x0; 

RIO and r11 are independently selected from: H, Ci-6 alkyl, (F)pCi-6 alkyl, C3-6 cycloalkyl, aryl, 
heteroaryl, and benzyl, unsubstituted or substituted with halogen, hydroxy or Ci-Cg alkoxy, where RlO 
and Rll may be joined together to form a ring selected from: azetidinyl, pyrrolidinyl, piperidinyl, 
10 piperazinyi, or moipholinyl, which is unsubstituted or substituted with 1-5 substituents where the 
substituents are independently selected from R"^ ; 

r4 is independently selected from: H, Ci-g alkyl, (F)pCi^ alkyl, C3-6 cycloalkyl, aryl, heteroaryl and 
benzyl, unsubstituted or substituted with halogen, hydroxy or Ci^Ig alkoxy; 



15 



WisO,NR4orC(R4)2; 



XisCorS; 

20 Y is O, (R4)2, NCN, NSO2CH3, or NCONH2. or Y is O2 when X is S; 

R^ is independently selected from H and: 

1) Cj-Cg alkyl, C2-C6 alkenyl, C2-C6 allqaiyl, €3^ cycloalkyl and heterocycle, 

25 unsubstituted or substituted with one or more substituents independently selected frona: 

a) Ci^ alkyl, 

b) C3-6 cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected fromR^, 

30 d) heteroaryl, unsubstituted or substituted with 1-5 substituents 

where the substituents are independently selected from R^, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 

f) (F)pCl-3 alkyl. 
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g) 


halogen. 


h) 


Or4. 


i) 


0(CH2)sOR4 


j) 




k) 


(CO)NR10r11. 


1) 


O(CO)NR10r11. 


m) 


N(r4)(CO)NR10r11. 


n) 


N(R10)(CO)R11. 


o) 


N(R10)(CO)OR11. 


P) 


. S02NR1^11. 


q) 


N(r10) SO2RII. 


r) 


S(0)jj^lO, 


s) 


CN, 


t) 


nriorII, 


u) 


N(R10)(CO)NR4r11, and, 


V) 


0(C0)R4; 



2) aryl or heteroaiyl, imsubstituted or substituted with one or more substituents 
independently selected from: 

a) Ci-6 

b) C3-6 cycloalkyl, 

c) aiyl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected £rom R^, 

d) heteroaryl, unsubstituted or substituted with 1-S substituents 
where the substituents are independently selected 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
wh^ the substituents are independently selected from R^, 

f) (F)pCi.3 alkyl, 

g) halogen, 

h) 0r4. 

i) 0(CH2)sOR4 

j) CO2R4. 

k) (CO)NR10r11. 
1) O(CO)NR10r11. 

-108- 



wo 2005/072308 



PCT/US2005/002199 



m) 


N(R4)(CO)NR10r11. 


n) 


N(R10)(CO)r11. 


o) 


N(R10)(CO)OR11. 


P) 


SO2NR10r11. 


q) 


N(r10)SO2R11. 


r) 


S(0)njRlO. 


s) 


CN, 


t) 


nrIOrH, 


u) 


N(RlO)(CO)NR4Rll.and 


V) 


0(CX))R4; 



3) Ci-ealkyl, 

4) C3-6 cycloalkyl, 

5) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected 

6) het^aiyl, unsubstituted or substituted with 1-S substituents 
where the substituents are independently selected 

7) heterocycle, unsubstituted or substituted witti 1-S substituoits 

where tbe substituents are independently sdectedfixnnR^, 8) 
(F)pCi-3 alkyl, 

9) halogen, 

10) 0R4. 

11) 0(CH2)sOR4 

12) CO2R'*. 

13) (CO)NR10r11. 

14) O(CO)NR10r11. 

15) n(r4xco)nr10r1i. 

16) N(R10)(CO)R11. 

17) N(r10)(CO)Or11. 

18) SO2NR10r11. 

19) N(r10)SO2R11. 

20) S(0)njRlO. 

21) CN, 

22) NRIOrII, 



-109- 



wo 2005/072308 



PCT/US2005/002199 



23) N(R10)(CO)NR4r11, and. 

24) 0(C0)R4, 



or 



two r5 attached to the same carbon fonn the substituent =0, such that C(JRp)2 may be C=0, 



5 



where the number of R^ substituents that are not H, can range from zero to three; 



G^J is selected from: N, C, C=C(r5), N-C(R5)2. C=N, C(r5)-C(R5)2, C(r5)-N(r6), 
, • N(R6)-N(r6); 

Q-T is is selected from: C(R5)2-C(r5)2, C(r5)=C(r5) , N=C(R5), C(R5)=N, N=N, N and C(R5)2- 
(C=0), N(R6)-(C=0), C(R5)2-N(R6); 

r3 is independently selected from H, substituted or unsubstituted C1-C3 alkyl, CN and CO2R'*; 



15 



p IS 



0 to 2q+l, for a substituent with q carbons; 



SIS 



0, 1 or 2; 
Oor 1; 
1, 2 or 3; 



20 



and phannaceutically acceptable salts and individual diastereomers thereof. 



2. 



A coDopound according to claim 1 having the Formula la: 



25 




la 



wherein: 



A is a bond, C(R2)2, O, 
30 B is (C(R2)2)n; 



S(0)inorNR2; 
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DisO; 

n is 0 or 1; and 

and phaimaceutically acceptable salts and individual stereoisomers thereof. 

3. A con^und acccxding to claim 1 having the Fotmula lb: 




W-C— N 



lb 



r 



(R')i-9 j.Q.^ 

I I 
G^NH 

T 
O 




wherein: 

A is a bond, C(R2)2, 0, S(0)m or NR2; 

Bis(C(R2)2)n; 

n is 0 or 1; and 

and pharmaceatically acc^table salts and individual stereoisomers thereof. 



4. ' A conqx>und according to claim 1 having the Formula L;: 
R1 



N^^ 



\ Jr-W-C— N^' A— G,^ 



NH 



Ic 

and pharmaceutically acceptable salts and individual stereoisomers thereof. 
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10 



20 



A conmound according to claim 1 having the Fonnula Id: 



R2 

R2- 



R2 J 



N^O (R"*)i.9 j^Q.^ 

Id 



wherein: 

5 A is C(R2)2. O. S(0)ni or NR^; 



and phannaceutically acceptable salts and individual stereoisomers thereof. 

6. A compound according to claim 1 having the Formula le: 




le 

wherein: 

15 AisC(R2)2.0,S(0)morNR2; 

and pharmaceutically acceptable salts and mdividual stereoisomers thereof. 

7. A compound according to claun 1 having the Formulae la -le, wherein: 



r1 is selected from: 



1) H, Cj-Cg alkyl, C3-6 cycloalkyl and heterocycle, unsubstituted or substituted with one or 
more substituents mdependently selected from: 
25 a) Ci-6alkyl, 

b) C3-6 cycloalkyl, 
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c) 


aryl, unsubstituted or substituted with 1-5 substituents where 


the substituents are independently selected from R^, 


d) 


heteroaryl, unsubstituted cm: substituted with 1-5 substituents 


where the substituents are independently selected from R^, 


e) 


heterocycle, unsubstituted or substituted with 1-5 substituents 


where the substituents are independently selected from R^, 


f) 


(F)pCi-3 alkyl. 


g) 


halogen. 


h) 


0R4. 


i) 


0(CH2)sOR4 


j) 


CX)2R'*- 


k) 


CN, 


1) 


NRlQRll.and 


m) 


0(C0)R4; and 



15 

2) aiyl or heteroaryl, unsubstituted or substituted with one or more substituents 
indq>endently selected firom: 





a) 


Ci^ alkyl. 




b) 


C3^ cycloalkyl, 


20 


c) 


(F)pCi.3 alkyl. 




d) 


halogen, 




e) 


0R4. 




f) 


C02R4. 




g) 


(CO)NR10r11. 


25 


h) 


SO2NR10r11. 




i) 


N(R10)S02R11. 




j) 


S(0)niR4. 




k) 


CN, 




1) 


NRlORll.and, 


30 


m) 


0(C0)R4; 



R2 is selected from: 

1) H, Cg-Cg alkyl, C2-C5 alkynyl, €3,5 cycloalkyl and heterocycle, unsubstituted or 
35 substituted with one or more substituents independently selected from: 
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a) Ci-^ alkyl, 

b) C3-6 cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 sustituents where the 

substituents are independently selected from R*, 
5 d) heteroaryl, unsubstituted or substituted with 1-5 substituents 

where the substituents are independently selected from R^, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 

where the substituents are independently selected from R"^, 

f) (F)pCi-3 alkyl, 
10 g) halogen, 

h) 0R4. 

i) 0(C3l2)sOR4 

j) CO2R4. 
k) S(0)inR4 

15 1) CN, 

m) NRlORll,and 
n) , 0(C0)R4; and 



2) aryl or beteroaryl, unsubstituted or substituted with one more substituents mdependently 



20 


selected fraw: 




a) 


Ci^ alkyl. 




b) 


Q5-6 cycloalkyl. 




c) 


(F)pCi-3 alkyl. 




d) 


halogen. 


25 


e) 


0R4. 




f) 


C02R'^. 




g) 


(CO)NR10r11. 




h) 


SO2NR10r11. 




i) 


N(r10)SO2R11. 


30 


j) 


S(0)njR4 




k) 


CN, 




1) 


NRlORll.and 




m) 


0(C0)R4; 
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or, any two independeat on the same caibon or on adjacent carbons may be joined together to form a 
ring selected from cyclobutyl, cyclopentenyl, cyclopentyl, cyclohexenyl, cyclohexyl, thiazolinyl, 
oxazolinyl, imidazolinyl, imidazolidinyl, pyrrolinyl, morpholinyl, thiomorpholinyl, thiomorpholinyl S- 
oxide, tfaiomoipholinyl S-dioxide, azetidinyl, pyttolidinyl, piperidinyl, tetrahydrofuranyl, 
5 tetrahydropyranyl, tetcahydropyridyl, furaoyl, dihydrofuranyl, dihydropyianyl or pipeiazinyl, 

where said ring is tmsubstituted or substituted with 1-5 substituents independently selected from: 



(a) -Ci-6alkyl, which is unsubstituted or substituted with 1-3 substituents 
10 ind^ndently selected from: 

(i) halo, 

(ii) hydroxy, 

(iii) -O-Ci-ealkyl, 

(iv) -Cs^cyclpalkyl, 

15 (v) -CORlO 

(vi) -CO2RIO, 

(vii) -NRlpRll, 

(viii) -SO2RIO. 

(ix) -CONRlQRll.and 
20 (x) -(NRlO)C02Rll, 

(b) -SO2NRIORII, 

(c) halo, 

(d) -SO2RIO. 

(e) hydroxy, 

25 (f) -0-Ci^aDcyl, which is unsubstituted or substituted with 1-5 halo, 

(g) -CN. 

(h) -CORlO, 

(i) -NRIQrH, 

0) -conriorh, 

30 (k) -CO2RIO, 

0) -(NRlO)C02Rll, 

(m) -O(CO)NR10r11, 

(n) -(NR4)(C0)NR1Qr11, and 

(0) 0x0; 
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rIO and r11 are independently selected from: H, Ci^ alkyl, (F)pCi^ alkyl, C3.6 cycloalkyl. aiyl, 
heteroaiyl and benzyl, unsubstituted or substituted with halogen, hydroxy or Ci-Cfi alkoxy, where RlO 
and Rll may be joined together to form a ring selected from: azetidinyl, pyrrolidinyl, piperidinyl, 
piperazinyl and moipholinyl, which is unsubstituted or substituted with 1-5 substitaents where the 
substituents are independently selected from R^ 

r4 is independently selected from- H, Ci-6 alkyl, (F)pCi.6 alkyl. C3-6 cycloalkyl, aryl, heteroaiyl and 
benzyl, unsubstituted or substituted with halogen, hydroxy or Ci-Cg alkoxy; 

WisO,NR4orC(R4)2; 

G-J and Q-T are selected from the followmg pairings: 
G-J is N and Q-T is C(R5)2 - C(R5)2, 

G-J is N, and Q-T is C(R5)=C(r5), 

G-J is N and Q-T is N=C(r5), 

G-J is N, and Q-T is C(R5)=N, 

G-J is N. and Q-T is N=N, 

G-J is C=C(R5), and Q-T is N(r6), 

G-J is N, and Q-T is C(r5)2 -(C=0)-, 

G-J is N-C(R5)2, and Q-T is C(R5)2-C(R5)2, 

G-J is C=C(R5) and Q-T is C(R5)=C(r5), 

G-J is C=C(R5), and Q-T is C(R5)=N, 
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G-J is C=C(R5), and Q-T is N=C(R5), 
G-J is C=N, and Q-T is C(r5)=C(R5). 
G-J is N-C(R^)2, and QT is C(R^)2-(O0)-, 
G-J is C(R^>C(R^)2. and QT is N(R*>(C=0)-, 
G-J is C(R^-C(R^)2, and QT is C(R^2-C(R*)2. 
G-J is C(R^)-C(R^)2, and QT is CCRVNCR*^, 
G-J is C(R'>-N(R*), and QT is C(R^-C(R^)2, 
G-J is C(R^>C(R')2. and QT is li=C(R^, 
G-J is N-C(R^)2, and QT is C(R VN(R^ 
G-J is N-N(R*), and QT is C(S?)rC(R'h, and 
G-J is N-C(R^)2, and QT is NsrCCR*); 
is independenfly selected from H and: 

1) Cj -Cg alkyl, C2-C6 ^^Iksnyl. Cz-C^ alkynyl, €3^ cycloall^l and heterocycle, 

unsubstituted or substitated with one or more substiturats independently selected from: 

a) C1.6 alkyl, 

b) C3-6 cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from R^, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are indepaadently selected from R^, 
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e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are indq>end»itly selected from R'^, 

f) (F)pCi-3alkyl. 

g) halogen, 

h) 0R4. 

i) 0(CH2)sOR4 
j) CO2R4. 

k) (CO)NR10r11. 

1) O(CO)NR10r11, 

. m) N(R4)(CO)NRiORll. 

n) N(R10)(CO)r11. 

0) N(R10)(CO)OR11. 
p) SO2NR10r11. 

q) N(R10)S02R11. 
r) S(0)n^lO, 

s) CN, 

t) ■ nrIOrH, 

") N(R10)(CO)NR4r11, and, 

v) 0(C0)R4; 

2) aiyl or heteroaryl, unsubstituted or substituted with one or more substituents 
independently selected from: 

a) Ci-6alkyl. 

b) C3-6 cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from R^, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 

0 (F)pCi.3 alkyl, 

g) halogen, 

h) 0R4. 

1) 0(CH2)sOR4 
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j) 


CO2R4. 


k) 


(CO)NR10r11. 


I) 


O(CO)NR10r11. 


m) 


N(R4)(CO)NR10r11. 


n) 


N(r10xco)r11. 


0) 


N(R10)(CO)OR11. 


P) 


SO2NR10r11. 


q) 


N(r10)SO2R^1' 


r) 


S(O)^10, 


s) 


CN, 


t) 


NRIOrII, 


u) 


N(R10)(CO)NR4r11, and 


V) 


0(C0)R4; 



15 3) Ci^alkyl, 

4) C3-6 cycloalkyi, 

5) aiyl, unsubstituted or substituted with 1-5 substituents where 
the substituents are indepmdently selected from R^, 

6) het^aiyl, unsubstituted or substituted with 1-5 substituents 
20 where the substituents are independently selected from R^, 

7) hetaxx:ycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independraitly selected from R^, 

8) (F)pCi.3 alkyl. 

9) halogen, 
25 10) 0R4. 

11) 0(CH2)sOR4 

12) CX)2R4. 

13) (CO)NR10r11. 

14) O(CO)NR10r11. 

30 15) N(R4)(CO)NR10r11. 

16) N(R10)(CO)R11. 

17) N(R10)(CO)OR11. 

18) SO2NR10r11. 

19) N(R10) S02R^^- 
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20) S(0)n^lO, 

21) CN, 

22) NRIOrH, 

23) N(r10)(cO)NR4r11, 

24) 0(C0)R4 

or two attached to the same carbon form the substitnent =0, such that C(R5)2 may be C=0, 
where the number of substituents that are not H, can range from zero to three; 

r3 is mdependently selected from H, substituted or unsubstituted C1-C3 alkyl, CN and C02R^; 
p is 0 to 2q+l, for a substituent with q carbons 

m is 0 to 2; 

sis lto3; 

and pharmaceutically acceptable salts and individual stereoisomers thereof. 



wherein: 

B is independently (CCR2)2)n; 

Dis 0; 

1 

R is selected from: 



The compound of Formula 11: 
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1) H, Ci-Cg alkyl, C2-C6 alkenyl. C2-C6 alkynyl. €3^ cycloalJcyl. and heterocycle. 

unsubstituted or substituted with me or more substituents independently selected fiom: 

a) Ci^ alkyl, 

b) C3^ cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituoits where 
the substituents are independently selected from R^, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independenfly selected from R^, 

e) hetKocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^ 

*) (F)pCi.3 alkyl, 

g) halogen, 

h) 0r4. 

i) 0(CH2)s 0R4 
j) CO2R4. 

k) (CO)NR10r11. 

1) ckconrIOrH. 

m) N(r4)(CO)NR10r11 

n) N(r10xcO)R11. 

o) N(R10)(CO)OR11. 

P) SO2NR10r11. 

q) N(R10)S02R11. 
r) S(0)njRlO, 

s) CN, 

t) NRIOrH, 

«) N(R10)(CO)NR4r11 

>and. 

v) 0(C0)R4; 

2) aryl or heteroaiyl, unsubstituted or substituted with one or more 
substituents independently selected from: 

a) C1.6 alkyl, 

b) Cs^ cycloallsyl. 
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c) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from R^, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from r4, 



5 


e) 


heterocycle, unsubstituted dr substituted with 1-5 substituents 




where the substituents are mdependently selected from R^, 




f) 


(F)pCj.3 aliyi. 




g) 


halogen, 




h) 


0R4. 


10 


i) 


0(CH2)sOR4 




j) 


C02R^' 




k) 


(CO)NR10r11. 




1) 


0(CO)NR1Pr11. 




m) 


NCR4)(C0)NR1Qr11. 


15 


n) 


N(r10)(CO)R11. 




0) 


N(R10)(CO)OR11. 




P) 


SO2NR10r11. 




q) 


N(R10) SO2RII. 




r) 


S(0)mRiO, 


20 


s) 


CN, 




X) 


nrIOrII, 




y) 


N(r10)(CO)NR4r11, and 




V) 


0(C0)R4; 



25 R is independently selected from: 

1) H, Co-Cg alkyl, C2-C6 ^enyl, C2-C6 alkynyl, €3^ cycloalkyl and heterocycle, 

unsubstituted or substituted with one or more substituents independently selected from: 

30 a) Ci-6 alkyl, 

b) Cs^ cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are mdependently selected from R^, 
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d) heteroaryl, unsubstituted or substituted with 1-5 substitueats 
where the substituents are independently selected fromR^, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 





(F)pCi-3 alkyl, 


g) 


halogen. 


h) 


0R4. 






J) 




k) 


(CO)NR10r11. 


1) 


0(CO)NRlyRil. 


m) 


N(R4xC0)NRiPRn. 


n) 


N(R10xcO)r11. 


o) 


N(R10)(co)OR11. 


P) 


SO2NR10r11. 


q) 


N(R10)sO2R11. 


r) 


S(0)n^lO, 


s) 


CN, 


t) 




u) 


N(Rl0xcO)NR4Rn,and, 


V) 


0(C0)R4; 



aiyl or heteroaiyl, unsubstituted or substituted with one or more substituents 
independently selected IBram: 

a) Ci^ alkyl, 

b) C3^ cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected fromR'*, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are indejpendently selected from R^ 

e) heterocycle, unsubstituted or substituted with 1 -5 substituents 
where the substituents are independently selected from R'*, 

f) (F)pCl-3 alkyl. 

g) halogen. 
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h) 


or4. 


V 




3) 


CjC)2R" 


k) 


(CO)NRlORn, 


1) 


O(CO)NR10r11, 


m) 


N(R4)(CO)NR10r11. 


n) 


N(R10)(CO)r11. 


0) 


N(R10)(cO)OR11. 


V) 


C/ViKTD IOd 1 1 


q) 




r) 


S(0)mRlO, 


s) 


CN, 


t) 


nriorH, 


«) 


N(RlO)(CO)NR4Rn,and 


v) 


0(C0)R4; 



or. the independent R* on adjacent caibons may be joined together to fonn a ring selected fiom 
cyclopentenyl. cyclohexenyl, phenyl, naphthyl. thienyl, thiazolyl, thiazolinyl, oxazolyl, oxazolinyl, 
imidazolyl, imidazolinyl. pyridyl, pyrimidyl, pyrazinyl. pynolyl, pyirolinyl. tetrahydropyridyl, furanyl. 
dihydiofiiranyi and dihydn^yranyl, 

where said ring is unsubstituted or substituted with 1-5 substituents independently selected fiom 

(a) -Cl-6alkyl, which is unsubstituted or substituted with 1-3 substituents where the 
substituents are indepoidently selected from: 

(i) halo, 

(ii) hydroxy, 

(iii) -0-Cl-6alkyl, 

(iv) -C3-6cycloalkyl, 

(v) -CORIO 

(vi) -CO2R10, 

(vii) -NRlORll, 

(viii) -SO2R10, 

(ix) -CONRlORll.and 
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(X) -(NR10)CO2Rll, 





(b) 


-S02NR10R11 




(c) 


halo. 




(d) 


-SO2R10, 


5 


(e) 


hydroxy. 




(f) 


-0-Cl-6al]5yl, which is unsubstituted or substituted with 1-5 halo. 




(g) 


-CN, 




(h) 


-CORIO, 




(i). 


-NRlORll, 


10 


0) 


-CONRlORll, 




00 


-CO2R10, 




G) 


-(NR10)CO2Rll, 




(m) 


-O(C»)lSIR10Rll, 




(n) 


-(NR4XCO)NR10R11, and 


15 


(0) 


oxo; 



RlO and Rll are independently selected j&om: H. Ci^ alkyl, (F3pCi^ alkyl, C3.6 cycloalkyl, aiyl. 
heteroaryl, and benzyl, unsubstituted or substituted with halogen, hydroxy or Ci-Ce alkoxy, where RlO 
and Rll may be joined together to form a ring selected from: azetidinyl, pyirolidinyl, pipaidinyl, 
pipaazinyl, or motpholinyl, which is unsubstituted or substituted with 1-5 substituents where the 
substituents are independently selected from R^ ; 

R4 is independently selected from; H, Ci-e alkyl, (F)pCi-6 alkyl, €3^ cycloalkyl, aryl. heteroaryl and 
benzyl, unsubstituted or substituted with halogen, hydroxy or Ci-Cg alkoxy; 

WisO,NR4orC(R4)2; 
XisCorS; 

Y is O, (R4)2, NCN, NSO2CH3 or NCONH2, or Y is O2 when X is S; 
r5 is independently selected from H and: 
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1) C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl. €3^ cycloalkyl and heteocycle, 

unsubstituted or substituted with one or more substituents independently selected from: 

a) Ci^ alkyl, 

b) C3-6 cycloallg^l, 

c) aiyl, unsubstituted or substituted with 1 -5 substituents where 
the substituents are independently selected fit)m r4, 

d) hetearoaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from 

e) hetMOcycle, unsubstituted or substituted widi 1 -5 substituents 
where the substituents are independently selected from r4, 



V 


(F)pCl-3 allgrl, . 


g) 


halogen. 


h) 


0r4, 


i) 


0{CH2)sOR4 


j) 


CO2R4. 


k) 


(CO)NR10r11. 


I) 


O(CO)NR10r11. 


m) 


N(R4)(CO)NR10r11. 


n) 


N(RlO)(cO)Rn. 


0) 


N(RlO)(CO)ORn. 


P) 


SO2NR10r11. 


q) 


N(R10) SO2RII. 


r) 


S(0)mRlO. 


s) 


CN, 


t) 


NRIOrII, 


u) 


N(R10)(co)NR4r11, and. 


V) 


0(C0)R4; 



aryl or heteroaryl, unsubstituted or substituted with one or more substituents 
independently selected fixam: 

a) C1.6 alkyl, 

b) C3^ cycloalkyl. 
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c) aiyl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from R^, 

d) heteroaiyl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 





(F)pCi.3 alkyl. 


g) 


halogen, 




0R4. 


i) 


0(CH2)sOR4 


J) 


C02R*. 


k) 


(CO)NR10r11. 


1) 


O(CX))NR10r11. 


m) 


N(R4)(C0)NR1Qr11. 


n) 


N(R10xcO)R11. 


0) 


N(R10xcO)OR11. 


P) 


so2miORn. 


q) 


N(R10)S02R11. 


r) 


S(0)mRlO 


s) 


CN, 


t) 


NRIOrII, 


u) 


N(RlO)(CX))NR4Rll.and 


V) 


0(C0)R4; 



3) C1.6 alkyl, 

4) C3.6 cycloallg^l, 

5) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are mdependently selected fromR*, 

6) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independendy selected from R^ 

7) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from r4 

8) (F)pCi.3 alkyl, 

9) halogen, 
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tfW 

10) 












^9^ 






13) 


(CO)NR10r11, 


5 


14) 


O(CO)NR10r11. . . 




15) 


N(r4)(CO)NR10r11. 




16) 


N(R10)(CO)R11. 




17) 


N(R10)(co)OR11, 










19) 


N(R^")S02R^^. 




20) 


S(0)n^lO. 




21) 


CN, 




22) 


NRIOrII, 




23) 


N(RlO)(CO)NR4Rll,aii(i, 


15 


24) 


0((X>)R4, 



or two R5 attached to the same carbon foim the substituent =0. such that C(R5)2 may be C=0, 
where the number of r5 substituents that are not H. can range from zero to three- 

20 

G-J is selected from: N, C. C=C(r5). N-C(R5)2, C=N, C(R5X:(R5)2 C(r5).N(r6), 
N(r6)-N(r6); 



Q-T is is selected from: C(R5)2-C(r5)2. C(r5)=C(R5) . N=C(r5). C(r5)=N. N=N. N and C(R5)2- 
25 (C=0),N(R6)-{C=0).C(R5)2-N(R6); 



is independenUy selected from H, substituted or unsubstituted C1-C3 alkyl. CN and C02R4; 



P is 0 to 2q+l, for a substituent with q carbons; 

30 mis 0,1 or2; 

nis Oorl; 

s is 1, 2 or 3; 



phaimaceuticaUy acceptable salts and individual diastereomers thereof. 
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9. A confound according to claim 8, wJieiein: 
Rl is selected from: 

1) H, Ci-Cg alkyl, Cs^ cycloalkyl and heterocycle, unsubstituted or substituted with 

more substituents independendy selected from: 

a) Ci^ BSkyl 

b) C3-6 cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from R^, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independendy selected from R'*, 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independendy selected from r4 

f) (F)pCl.3 alkyl. 

g) halogen, 

h) 0R4 

i) 0(CH2)sOR4 
j) CO2R4. 

k) CN, 

1) NRlORll,and 

m) 0(C0)R4; and 

2) aiyl or heteroaryl, unsubstituted or substituted with one or more substituents 
mdependentiy selected from: 



a) 


Cl-6 allqrl, 


b) 


C3-6 cycloalkyl. 


c) 


(F)pCi-3 alkyl, 


d) 


halogen. 


e) 


0R4. 


f) 


CO2R'*. 


g) 


(CO)NR10r11. 


h) 


SO2NRIORII. 


i) 


N(R10)sO2R11. 
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j) 
k) 
1) 
m) 



S(0)^4 
CN, 

NrIOrII 

> and, 
0(C0)R4; 



R2 is selected from: 



1) H. Co-Ce alkyl. C2-C6 alkynyl, Cs^ cycloalkyl and heterocycle, unsubstituted 

substituted with one or more substituents independently selected from: 

a) Ci^alkyl, 

b) C3^ cycloalkyl, 

c) aiyl, unsubstituted or substituted with 1-5 sustituents where the 
substituaats are independently selected from 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substitumts are independently selected from R^ 

e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 



f) 


(F)pCl-3 alkyl. 


g) 


halogen. 


h) 


0R4 


i) 


0(CH2)sOR4 


j) 


C02R4. 


k) 


S(0)n^4, 


I) 


CN, 


m) 


NRlORll.and 


n) 


0(C0)R4;and 



2) aryl or heteroaryl, unsubstituted or substituted with one more substituents independently 
selected from: 

a) Ci^ alkyl, 

b) C3^ cycloalkyl, 

c) (F)pCi.3 alkyl, 

d) halogen, 

e) 0R4. 

f) CO2R4. 
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g) 


(CO)NR10r11. 


h) 


S02NR^"Rll. 


i) 


N(R10) SOjRli, 


j) 


S(0)„^4 


k) 


CN. 


1) 


NRlORll.and 


m) 


0(C0)R4; 



RlO and Rl 1 are independenUy selected ftom H. Ci-e alkyl. (F)pCi^ alkyl, C3-6 cycloalkyl. aiyl, 
heteroaiyl and benzyl, unsubstitated or substituted with halogen, hydroxy or C1-C6 alkoxy, where RlO 
and Rll may be joined together to fonn a ring selected fix)m: azetidmyl. pyirolidmyl. piperidinyl, 
piperazinyl and morpholinyl. which is unsubstitated or substituted with 1-5 substituents where the 
substitaQtits are indq)»idently selected from R^ 

r4 is mdependently selected ftom: H, Ci^ alkyl. (F)pCi-6 alkyl. €3^ cycloalkyl. aryl, heteroaryl and 
benzyl, unsubstituted or substituted with halogen, hydroxy or Ci-Cg alkoxy; 

WisO,NR4orC(R4)2; 

G-J and Q-T are selected fitom the following paiiiugs: 
G-J is N and Q-T is C(r5)2 - C(R5)2. 

G-J is N, and Q-T is C(R5)=C(R5). 
G-J is N and Q-T is N=C(R5), 
G-J is N. and Q-T is C(r5)=N, 
G-J is N, and Q-T is N=N. 
G-J is C=C(R5), and Q-T is N(r6), 
G-J is N. and Q-T is C(R5)2 -(C=0)-, 
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G-J is N-C(R5)2, and Q-T is C(R5)2-C(R5)2, 

G-J is C=C(R5) and Q-T is C(r5)=C(r5), 

G-J is C=C(R5)^ and Q-T is C(r5)=N, 

G-J is C=C(R5), and Q-T is N*C(r5), 

G-J is C=N, and Q-T is C(R5)=c(r5), 

G-J is N-C(R^)2, and QT is C(R')2-(C=0)-, 
G-J is C(R'k:(R*)2, and QT is N(R«HC=0)-, 
G-J is C(R V:(R')2. and QT is C(R VC(R^. 
G-J is C(R*)-C(R^)2, and QT is C(RVN(R'), 
G-J is C(R')-N(R«), and QT is C(RVC(R%, 

G-JisC(R')-C(R=)2,andQTisN=C(R'), . 
G-J is N-C(R^)2, and QT is C(RVN(R«), 
G-J is N-NCR''). and QT is C(R^)2-C(R^. and 
G-J is N-C(R^)2, and QT is N=C(R'); 
independently selected from H and: 

1) Ci-Cg alkyl, C2-C6 alkenyl. C2-C6 alkynyl. €3^ cycloalkyl and heterocycle, 

unsubstituted or substituted with one or more substituents independendy selected from: 
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a) 


Cl-6 alkyl, 


b) 


C3-6 cycloalkyl. 


c) 


aryl, unsubstituted or substituted with 1-5 substituents where 


the substituents are independendy selected from R^, 


d) 


heteroaryl, unsubstituted or substimted with 1-5 substituents 


where the substituents are independently selected fromR^, 


e) 


heterocycle, unsubstituted or substituted with 1-5 substituents 


where the substituents are independently selected from 


1} 


(F)pCi-3 alkyl, 


g) 


halogen. 


n) 






0(CH2)sOR4 


j) 




k) 


(CX))NRlpRll. 


1) 


O(CX))Nr10r11, 


m) 


N(R4xCX))NR10r11. 


n) 


N(R10)(CO)r11. 


o) 


N(R10)(COX)R11. 


P) 


SO2NR10r11. 


q) 


N(R10) SO2R". 


r) 


S(0)n^lO. 


s) 


CN, 


t) 


NRIOrII, 


u) 


N(RlO)(cO)NR4Rll,and. 


V) 


0(C0)R4; 



2) aiyl or heteroaryl, unsubstituted or substituted with one or more substituents 
independently selected from: 

a) Ci-6 alkyl, 

b) C3-6 cycloalkyl, 

c) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected from R^, 

d) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from R^, 
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e) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from r4, 
*) (F)pCi.3 alkyl, 



g) 


halogen, 


h) 


0R4. 


i) 


0(CH2)sOR4 


}) 




k) 


(CO)NR10r11, 


I) 


O(CO)NR10r11. 


m) 


N(R^)(CO)NR10r1 1. 


n) 


N(R10)(CX))R11. 


0) 


N(R10)(CO)OR11. 


P) 


SO2NR10r11. 


q) 


N(R10)sO2R11. 


r) 


S(0)n^lO, 


s) 


CN, 


t) 


nriorH, 


u) 


N(RlO)(CO)NR4Rll^and 


V) 


0(C0)R4; 



3) Ci-6 alkyl, 

4) C3^ cycloalkyl, 

5) aryl, unsubstituted or substituted with 1-5 substituents where 
the substituents are independently selected fromR4, 

6) heteroaryl, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from r4, 

7) heterocycle, unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from r4 

8) (F)pCi-3 alkyl, 

9) halogen, 

10) 0R4 

11) 0(CH2)sOR4 

12) CO2R4. 

13) (C0)NR1Qr11. 
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14) 


O(CO)NR10r11. 


15) 


N(R^)(CO)NRi^i 1. 


16) 


N(r10)(CO)R11, 


17) 


N(r10)(CO)OR11. 




cirv^xrp IOd 1 1 


19) 


N(R^") S02R^-^. 


20) 


S(0)niRlO, 


21) 


CN, 


22) 




23) 


N(RlO)(cO)NR4Rn, and. 


24) 


0(C0)R4, 



car two r5 attached to the same carbon fram the substituent =0, such that C(R5)2 may be C=0, 
where the number of r5 substituents that are not H, can range fiom zexo to three; 

r3 is independently selected fiom H, substituted or unsubstituted C1-C3 alkyl, CN and C02R4; 
P is 0 to 2q+l, for a substituent with q carbons 

m is 0 to 2; 

s is 1 to 3; 

and phannaceutically acceptable salts and individual stMecasomers thereof. 
10. A compound selected from: 
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rr 






"NH 



o 

V-N 
O ^ — ^ N 



NH 




N 



I V..,NH ^ >^ 

o 



NH 




NH 






and phaimaceuticaUy acceptable salts and individual diastereomers thereof. 

11. A phannaceutical composition which comprises an inert carrier and the 
compound of Qaim 1. 
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12. AmethodforantagomsmofCGRP receptor activity in a maim 
comprises the administration of an effective amount of the compound of Claim 1. 

13. A method for treating, controlling, ameliorating or reducing the risk of headache, 
migraine or cluster headache in a mammalian patient in need of such which comprises administering to 
the patient a therapeutically effective amount of the compound of Qaim 1. 
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